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ABSTRACT 



[57] 

A process for assplifyirsg arry wgea nucleic add se- 
queace contained m s nuclei© acid or mixture thereof 
comprises ireaiing separate: oornpiemeritary strands of 
the nucleic acid wit}; a molar excess of two oligonucleo- 
tide primers aad extending the primers mih a thermo- 
stable enzyme to f<m& complementary primer extension 
products which act as templates for synthesizing- the 
desired riueleic add sequence. The amplified sequence 
can be r&idiiy detected. The s!.eps of the reaciic;;: c?.n fct? 
repeated as often as desired find i.tvolvc yjrisperamre 
cyclitsg 10 effect hybndizaticn, prosnotioc of a«:vsty of 
;.be stuyinc, a?;d denawration of the hybrids formed. 

50 Claims, Ne Drawings 



PROCESS FOR AMPLIFYING, QEEECIING. 
AND/OR CLONING NUCLETC ACID SEQUENCES 
USING A THERMOSTABLE ENZYME 



TIbs appiicauon Is a «>na«uadon-sn-part <CIP) of 
now abandoned U.S. patent spol.ication Ser. No. 
899,513, filed Aug. 22, 1986, which is a CIP of now 50 
abandoned U.S. patent application No. 839.331, filed 
Mai-. 13, and of U.S. natcuv amplication Ser. No. 
S2A44, filed Jf.il. 30. Which is a division of U.S. 
application satent Ser. No. 791,308, filed Oct. 25, 1985. 
now U.S. Pat No. 4,683,202, which is a CIP of now 15 
abandoned U.S. patent application Set. No. 7 i 6.975, 
filed Mar. 28, 19SS. 

FIELD OF 'HIE INVENTION 
The present invention relates to a process to? ampli- ^ 
fying existing aaeieie acid sequences tf they axe present 
lis a test sample and detecting them if present, by usiing a 
probe. More specifically, k relates to a process for pro- 
ducing any particular nucleic acid sequence from a 
given sequence of DNA or RNA in amounts which are 25 
large compared to the amount initially present so- as to 
facilitate detection of the sequences, using a thennosta* 
ble enzyme to catalyze the reaction. 'Die DNA or RNA 
amy be single- or double-stranded, and may be a rela- 
tively pyre species or a component of a mixture of au~ >2 
eieio acids. The process of the invention utilizes a repet- 
itive reaction to accomplish the amplification of the 
desired nucleic acid sequence. 

DESCRIPTION OF RELATED DISCLOSURES ;5 

For diagaos.de applications in particular, the target 
nucleic acid sequence may be only a small portion of the 
DNA or H.NA in ouestion, so that it may be difficult to 
detect its presence using nonisotopically labeled or 
end-labeled oligonucleotide probes. Much effort is 
being expended in increasing the sensitivity of the probe 
detection systems, but Hate research teas been con- 
ducted on amplifying the target sequence so that it is 
present in quantities sufficient to be readily detectable 
using currently available methods. *S 

Several methods have been described in the literature 
for the synthesis of 'nucleic acids de novo or from aa 
existing sequence. These methods are capable of pro- 
ducing l.trge amounts of a given nucleic acid of com- 
pletely specified sequence. SO 

Dae known method for synthesizing nucleic: acids de 
novo involves the organic synthesis of a nucleic acid 
from nucleoside tlc.rivar.ives. This synthesis may be per- 
formed in solution or on a solid support. One type of 
organic synthesis is the phosphofriester method, which ?5 
has been utilized to prepare gene fragments or short 
gene-;. In die phosphotriesrer method, oligonucleotides 
are prepared which can then be joined together to form 
longer nucleic acids. For a description of this method, 
see Narang, S.A.. et: at, M«tk Enzyme!., 68, 90 (1979) #> 
and U,S. Pat. No. 4,356,270. The patent describes the 
synthesis sad cloning of the somatostatin gene. 

A second type of or ganic synthesis is the phosphodi- 
ester method, which has been utilised to prepare a 
iRNA gene. See Brown, H. et ah, Msih. Enzymol, 65 
68, 109 (1979) for a description of this method. Asia the 
phosphotriester method, the phosphodiester method 
involves synthesis of oligonucleotides which are subse- 



quently joiaed together to form the desired nucleic 
acid. 

Although ihe above processes for de novo synthesis 
may be utilized -to synthesize long strands of mscleic 
acid, they are not very practical to use for the synthesis 
of large amounts of a nucleic acid. Both processes are 
laborious and tisne-constaning, require expensive equip- 
ment and. reagents, and have .a low overall efficiency. 
The low ovet&ii efficiency stay be caused by the ineffi- 
' ciencies of the synthesis of the oligonucleotides and of 
the joining reactions. la .the synthesis of a long nucleic 
acid, or even in she synthesis of a large amount of a 
shorter nticleic acid, many oligonucleotides would need 
to be synthesized and many joining reactions would be 
; required. Consequently, these methods would not. be 
practical for synthesizing large amounts of any desired 
nucleic acid. 

Methods also exist for producing nucleic acids in 
% large amounts frost sntall amounts of the iaitiai existing 
nucleic acid. These methods involve the cloning of a 
nucleic acid its the appropriate host system, where the 
desired nucleic acid is inserted into ass appropriate vec- 
tor .which is used to transform the host When the host 
; is cultured the vector is replicated, and hence more 
copies of the desired nucleic acid are produced. For a 
brief description of subeioniug nucleic acid fragments, 
see ManiattSi T.. et al.< Molecular Cloning; A Laboratory 
Manual, Cold Spang Bather Laboratory, pp. 390401 
(1982). See also the techniques described in U.S. Pat. 
Nos. .4,416,988 and 4.403,036. 

A third method for synthesizing nucleic acids, de- 
scribed i.a U.S. Pat. No.' &,2$%fsSi is a hybrid of the 
above-described organic synthesis and molecular cion- 
iag methods. In this process, the appropriate number of 
oligonucleotides to make up the desired nucieic acid 
sequence is organically synthesized astd inserted sequen- 
tially into a vector which is amplified by growth prior 
to each succeeding assertion. 

The present invention bears some similarity to the 
molecular cloning method; however, it does not involve 
■ he propagation of any organism and thereby avoids the 
possible hazards or inconvenience which this entails. 
The present invention also does .not sequire synthesis of 
nucleic acid sequences unrelated to the desired se- 
quence, arid thereby the present invention obviates the 
need for extensive purification of the product from a 
complicated biological mixture, 

European Pat. Publication No. 200,362 published 
Dec. 10, 1986 discloses a procedure whereby existing 
nucleic acids may be produced in isirger quantities so sss 
to prepare other nucleic acids or to diagnose for the 
presence of nucleic acids. The amplification and detec- 
tion process is also described by Saifci at. ah. Science, 
230:1350-1354 (1985), and by Saik et al, m{*chmb& ! 
3:1008-1012 (19*55), Copending U.S. patent application 
Ser, No. 899,061 filed Aug. 22, 1986, supra, discloses 
carrying oet an amplification of nucleic acids in the 
presence of a thermostable enzyme in a heat-condecting 
block whose temperature is controlled by computer 
means. Copending U'.S. patent application Ser. No. 
899,344 filed Aug. 22, 1986, supra, discloses an amplifi- 
cation procedure folio-wed by dot: blot, analysis using a 
heatstabie enzytne. Now abandoned U.S. application 
patent Ser. No. '859,241 filed Aug. 22, supra, dis- 
closes purification of a thermostable enzyme, preferably 
a polymerase front Tkermvs aqxatieus. 
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,.„.-._„. acid strand template produced m step (d), but not so 
SUMMARY Of- FHL INV ENTION > a „ h (a t(imperature , ^ to sepani:e ^ mS icn prod- 
The present iaveatioa resides in a process for surtpli- uct from its compiomentary strand template, wherein 
fyteg one or more specific nucleic acid sequences pres* steps (e) and (f) are carried out simultaneously or -se- 
em - m a nucleic actd or mixture thereat" using primers s- qnentially. 

and a thermostable enzyme. The extension product of The steps (d). (e) and (f) may be repeated until the 
one primer whets hybridised to the other becomes a desired level of sequence amplification is obtained. The 
template for the production of the desired specific nu- preferred diermostabie cnayme herein ss a polymerase 
oleic acid sequence, and vice versa, and the process is extracted from Thermits aquaticus ?Taq polymerase), 
repeated as often as is necessary to produce the desired 50 Most preferably, if the enzyme is Taq polymerase, in 
amount of the sequence. The method herein improves step (a) the aueiejc acid strands are contacted with a 
■he specificity of the amplification reaction, resulting in buffer comprising about l.S-2 ittM of a magnesium salt, 
a very distinct signal of amplified nucleic acid. Its aadi- J3G-200 «M each of the nucleotides, and i nhi of each 
t;on, the method herein eiiuhnaies the need for transfer- primer, steps {a}, (et and if) are carried out at about 
ring reagents from one vessel to another after each 15 43 -55*" C, and step id) is carried out at about 90-iCO" C. 
ampiification cycle. Such transferring is not required in a preferred embodiment, the nucleic aeid<s) are 
because the thermostable anzytna will withstand the doublestranded and step (a) is accomplished by ti) heat- 
high temperatures required to denature the nucleic acid ng each nucieic acid in the presence of four different 
strands i-nd therefore does not need replacement. The nucleoside triphosphates and one oligoaudeutide 
temperature cycling stay, in addition, be automated for 20 primer for cad? different specific sequence bcifis: atnpii- 
further reduction its manpower and steps required to fied< for an effective time and at an effective tempera- 
effectuate the amplification reaction. ture to denature each nucleic acid, wherein each primer 

More specifically, the present invention provides 3 ts selected to be substantially complementary to differ- 
process for amplifying at least one specific nucieic acid etif strands of each specific* sequence, ,-uch that the 
sequence contained in a nucleic acid or a mixture of 25 extension product synthesized from one primer, when k 
nucleic acids, wherein If <he nucleic: acid is double- is separated from its complement, can serve as a ■ em- 
stranded, it consists of two separated complementary plate for synthesis of the extension product of the other 
brands of equal or unequal length, which process com- primer., and (si) cooling the denatured nucleic acio.s to a 
prises; temperature which -promotes .hybridization of each 

i;.a) contacting each nucleic acid strand with four 38 primer to its complementary nucleic acid strand* 

different nucleoside triphosphates and one oligonueleo- lit other embodiments the invention rela:e& to a pro- 

tide primer for each different specific sequence being cess for detecting the presence or absence of at least one 

simplified, wherein each primer is selected to be substaa- specific nucleic acid sequence in a sample containing a 

tialiy complementary to different strands of each spe- nucleic acid or mixvure of nucleic acids, or distingnish- 

cific sequence, such that the extension product syuthe- 55 h-,g between two different sequences in said sarapie, 

sued from one primer, w ; ht n it is separated from its wherein the sample is suspected of containing said se- 

cOTSipiemcnt, can serve as a tetnpiate for synthesis of the quence or saquettces, astd wherein if the aucleic acidfsj 

e.xtetisiofi product of Che other primer, said eontactmg are d!>«blestranded, they each cotssisi of two separated 

oeixig af a temperature which promotes hybridization of complementary strands of equal or unequal length, 

each primer to its complementary nucleic, acid strand« 40 which process comprises steps (a) to (f) mentioned 

fb) contacting each nucieic acid strand, at the same above, resulting in amplification in quantity cf the spe- 

ti.n-e as or after step (aj, with a thermostable enzyme cific nucleic acid iequencefsl, if ptasent.;. 

"*-htch enables combination of the nuclectide ttiphos- <g) adding to the product of step (J) a labeled obgoun- 

p.hates to form primer e a tension products cotnplenten- cleotide probe, for each sequence being detected, capa- 

tary to each strand of each nucleic acid, 45 bie of hybridizing to said sequence or to ,s rnytation 

(c,> maintauiing the mixture from step (Is) at am effee- thereof; and 

rive temperature for ass effective time to activate the th) determining whether said hybridization has oc- 

eazyiue, and to synthesize, for each different sequence cwrred. 

beitjg ampiilied, an extension product of each primer l.u ye; another embodiment, the invention relates to a 

which Is complementary to each nucleic acid strand 30 process ; For detecting the presence or absence of at least 

template, but not so high (a tetnperarure) as to separate one nucleotide variation in sequence in one or more 

each extension product front its complementary strand nucieic acids contained in a sample, wherein if the na- 

t.emplate; -oleic acid is double-stranded it consists of two separated 

<d) heating the mixture from step {c) for an effective complementary strands of equal or unequal length, 

time and at an effective temperature to separate the 55 which process comprises steps fa)-(fj mentioned above, 

primer extension products from the templates on winch wherein step* (d), (e) and (0 are repeated a sufficient 

they were synthesized to produce single-stranded mole- number of times to result in detectable amplification of 

euies. but not so .high (a temperature) as to denature the nucleic acid containing the sequence, if present; 

itreversibiy the enzyme; <g) affixing the product of step (ft to a membrane, 

(e> cooling the mixture from step (d) at an effective 60 (h) treating the membrane under hybridization eondi- 

vemperature for an effective time to promote hybridiza- tions with a labeled sequence- specific oligonucleotide 

ii>>« of each primer t;> each of the single-stranded mole- probe capable of hybridizing with the amplified nudeie 

cules produced l.n step (d>; and acid sequence only if a sequence of the probe is ccmpic- 

i'fs taaiatainsag the mixture from step (el at at; effec- mentary to a regiots of the amplified sequence; and 

tive temperature for an effective time to promote the 65 ft) detecting whether the probe has hybridized to an 

aetiv ity of the enzyme and to synthesize, for each differ- amplified sequence in the nucleic acid sample, 

ent sequence being amplified, an extension product of If the sample comprises cells, preferably they a^e 

each primer which is complementary to each nucleic heated before step (a) to expose the .nucleic acids therein 
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to me macens. Th* st-.p ivows ixtracaon of the nu- copies of the sequence produced by t 

oleic acids prior to reagent addition. processes herein. 

Ixx- a variation of tins process, the pritnar(s) and/or 
nucleotide triphosphates are labeled so that the result- 
ing amplified sequence is labeled. The labeled primer(s) : 

and/or mtejeonde tripbosphatef's} can be present in the The terra "oligonucleotide*' as e-sed herein is defined, 

reaction mixture initially or added during a later cycle. as a molecule comprised of two or mere deoxyribonu- 

The sequence-specific oligonucleotide (unlabeled) is decodes or ribonucleotides, preferably more than 

affixed to a membrane and treated under hybridization throe. Its exact size will depend on many factors, which 

conditions with the labeled amplification product so 30 hi turn depend on the ultimate f-mction or use of the 

that hybridization will occur only u the membrane- oligonucleotide. The oligonucleotide may be derived 

bound sequence is present it! the amplification product. synthetically or by cloning. 

In jet anotbet embodiment, the sm,ent:on herein The terra "primer" as used herein refers to an oligc- 

relates to a process for cloning into :i cloning vector one nucleotide, whether occurring naturally as in a purified 

or more specific nucleic acid sequences contained in a 15 restriction digest or produced synthetically, winch is 

nucleic acid or a mixture of aueiek; acids, which nucleic capable of acting as a point of Initiation of synthesis 

acid(s) when double-stranded cot-Kiss, of two separated when placed under conditions in which synthesis of a 

complementary strands, and which nucleic aeid(s) are primer extension product which is complementary to a 

amplified ixx quantity before cloning, which process nucleic acid strand Is induced, i.e., six toe presence of. 

comprises steps (a)~(f) mentioned above, with steps (d), 20 four different mideoside triphosphates and a thermosta- 

<e> and (f) befog' repeated a safEcieai number of times to ble eoxytne w an appropriate buffer ("hutTer" includes 

result xn detectable amplification of the nucleic acidfs) pH, ionic strength, co factors, etc.) and at a suitable 

containing Use sequencer's): temperature. For Taq polymerase, the buffer herein 

fg) adding to the product of step (0 a restriction preferably contains 1.5-2 snM of a magnesium salt, 

enzyme for each of said restriction sites to obtain 25 preferably MgC!«, 1 50---20G -u.-M of each nucleotide, and 

cleaved products ixx a restriction digest; and .1 u.M of each primer, along with pref'ersblv SOmM KC1. 

(h) Sgatfog the cleaved produces) of step (g) contain- 10 nxM Tris buffer at pH 88.4, arid 10(5 u,g/mi gelatin, 

fog the specific sequencers) so be cloned Into one or The primer is preferably single stranded for maxi- 

more cloning vectors containing a promoter and a so- mom efficiency its amplification* but may alternatively 

teciable marker. 30 be double stranded. If double -stranded, the -primer is 

In a Snal embodiment, the invention herein relates to first treated to separate its strands before being used to 

a process for cloning into a cloning vector om or more prepare extension -products- Preferably, the primer is an 

specific nucleic acid sequences contained in a xxucleic oligodeoxyribonueieotide. The printer must be stiff,- 

aciti or mixture of nucleic acids, which nucleic acidfs}, ciently long to prime the synthesis of extension products 

v-r-tt" 5 i " i. \*s*»»di o ^ N~3xi* tl it 5 m -xepses-iK. old +a< " ^tuA. <. w ^ r**f t,\<ct 

pienxenmry strands of equal or unequal length which lengths of the primers will depend oxs many factors, 

nucleic acidi's) are amplified in quantity, before cloning, including temperature and source of primer and use of 

which process comprises steps (a)-<0 mentioned above, the method. For example, depending on the complexity 

with steps id), (e) and (0 hemg repeated a sufficient of the target sequence, the oligonucleotide primer typi- 

nutnber of times to result in effective amplification of -tC- cally contains 15-25 or more nucleotides, although it 

the nucleic aoid(s) committing \ha sequencer's) for blunt- may contain more or fewer nucleotides. Short primer 

•end- ligation into one or more cloning vectors; and molecules generally require lower temperatures to form 

(g) ligstittg the amplified specific sequence(s) to be sufficiently stable hybrid complexes with the template, 

cloned obtained from- step (f) Into one or more of said Tire primers herein are selected to be "substantially" 

cloning vectors in the presence of a 1 Igase, said ampli- 43 complementary to the different strands of each specific 

•led sequenoo(s) snd vector(s) being present irt siifflcient sequence to be amplified. This means that the primers 

amounts ro effect the ligation. mstst be sufficiently complementary to hybridise with 

In a product embodiment, the. invention provides a their respective strands. Therefore, the pritnex sequence 
composition of matter useful in amplifying at least one need not reflect She exact sequence of the template. For 
specific nucleic acid sequence contained in a nucleic 50 example, a non-complementary nucleotide fragment 
acid or a mixture of nucleic acids, comprising lour dif- may be attached to the 5' end of the primer, with the 
ferent nucleotide triphosphates and one oligonucleotide remainder of the primer sequence being complementary 
primer tor each different specific sequence being ampli- to the strand. Alternatively, non-co-npJetneniary bases 
ned, wherein each primer is selected to be substantially or longer sequences can he interspersed into the primer, 
complementary to different strands of each specific ?5 provided that the primer sequence has sufficient corn- 
sequence, such that the extension product synthesized pieroentarity with the sequence of the strand -o be am- 
fxom one primer, when a is separated from its couxpie- plified to hybridise therewith and thereby form a tem- 
nxent, can serve as a template fot synthesis of the exten- plate for synthesis of the extension prodstct of the other 
siou product of the other pritnex, primer. However, for detection pttrt;oses, particuiarsy 

in another product embodiment, the invention pro- 60 using labeled sequence-specific probes, the primers typi- 

vices a sample of one or more nucleic acids comprising cally have exact complementarity to obtain the best 

multiple strands, of a specific nucleic acid sequence results, 

contained in the nucleic acid(s). The sample may com- As used herein, the terms "restriction endonncleases" 

prise about 10 -100 of the strands, about 300-1000 of the and "testriction enzymes" refer to bacterial enzymes 

strands, or over about 1000 of the strands. 63 each of which cut double-stranded DMA at or near a 

In a fm.ai product; 'embodiment, the- invention pro- specific nucleotide sequence, 
vides an amplified nucleic acid sequence from a nucleic As used herein, the term "DN r A polymorphism" re- 
add or mixture of nucleic acids comprising miutipie fers to the condition in which two or mote different 
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nucleotide sequences can exist at a particular site in mil concentration and/or GC composition. ol me nu- 

D.KA. cleic acid is increased. Preferably, the enzyme will .not 

As used herein, the term "nucleotide variation in become trrevetsib-y desiatBted as aboiss 90-100* C 
sequence" refers to assy stogie or multiple nucleotide The thermostable enzyme herein preferably has art 
substitutions, deietiosis or m.-ensons. These nucleotide r optimum temperature at which it functions which is 
variations may be mutant or polymorphic allele varia- higher than about 40" C, which is she terripersture 
■ions. Therefore, she process herein can detect stogie below which hybridization of primer to -.empiate is. 
nucleotide changes in nucleic acids such as occur in promoted, although, depending m {1} magnesium and 
Sgiobin generic diseases caused by single-base nsuta- s, a h concentrations and (2) composition and length of 
dons, additions or deletions (same 3-ihalassemias, sickle !0 T! j-j me r, hybridization can occur at higher ienipsr:iitsr«; 
w> ,\.«mi 'ero^oou I d<>» u< », s weJ a u > f 45 <j 0 - c , He ugha . u- < rrwli.,. fM.w 
asul&pl«-base variations such as are involved with /3- f or the enzvme, the greater the specific;^ and/or seiec- 
thalassemia or some ^thalassemias. Ia addition, the tivity a f !)r h3ier-dhecied extension process. How. 
process herein can detect pofynorpfatait*, which are rtv ,. r> enzymes thai arc acrivc below 40* C, e.g., at 37* 
.nor. ttecessarUy associated wsth a disease, but are merely Sv> afe a j so within the scope of this invention, tirovkied 
a condition in which two or more different nucleotide thev are heat-stable. Preferably, the optimum tempera- 
sequences twhether having substituted, deleted or m- ture r;JIl g es e rom a bcnt 50 to' 80" C. mce ireferabiv 
sested nucleotide base pairs) can exist as a particular site (>0-*S0* C 

in the nucleic acid in the population, as with HLA re- G f et^vtnes which have bean reported in 

g;ons ct inhuman g enome and random potymorpmsms 20 ^ 5ksramre , ;S fcdn ?e8istaat U; heat he{i ,. st ,,.. 

seen as mUochondnal DNA. I he polymorphic ae- bie po1vrner3ses; , such as. e.g.. ooivmerases extracted 

quence^ecHK ohgonaeieotsoe proces described m fmjR the thermostable bacteria Thff^KrJftma Tkemm 

de^iheremafter may oe useti to detect genettc markers ^ Thermus lhetmo hi(u& W/as . w « J ,,, f ; Ji „&V ! « 

i-jttsrfvi frt ^ .'us^fis^ s*v.:-r5 ;;;; *r>s}jej*~ri*>r>,'°ti.--<«nJ. OJrtwtis ..... c 

(wmca has a somewhat tower temperature optimum 
than the others listed), Thermtts %qit<&ku$> Thermus 

. laeteus, Tkemtus mb&n& -and Metkmmhermxs fi?n>i4u& 

>ase patr variation ta sequence. preferred Oiermosiablc mcvne herein is a DNA 

seciuerstte-soectJic- otjgorsucteouaes telers , 1 „ * . ... , 

icotidea which will hybridise to .pecillc ^./^^ 'T™ , s ?^ 

vhether or not contained on .alleles, which 30 * ^ a!5Ci P»» fi ^* s ^«!>«? ^lo««^.S. 



sed to a disease such tis irtsuli 
iueiliras or in forensic applications. If the nacleic acid is 
double-stranded, the nucleotide variation in sequence 



^qaenees span the base pair variation beitsg detected 



•atent application Ser. No. 899,24! fried Aug. 22, I 



and are specific tat the seoaer.ee variation Vn§ de- ths *^los«re of whtch « incorporated serein by refer- 

tected. Depending on the sequences bans analyzed, cn f ■ Bn ^: {^rm^ancu, ceh* are grow and t»e 

one or more scciuc'ace^edfic aucleotides mav be em- ' t«^m™ » isolated ana punhed ircsm tne cruoe ex- 

pioved for each' sequence, as described further hereto- 35 traci uang the ttm nve steps mdjeated by Kateom et a; 

^ S 0 W Mskkimiva. 45, 644-63 1 <}.98Q>, tue dtscl.ostire ot wrs-cn 

" As used herein, the tent! "nsstnctioa fragment length * incorporated heteta by reference. During the fifth 

polymorphism" f"RFLP~> refers to the difiereaces *^ (DEAE ooluma at pH T5), an assay i5 raade for 

among inthviduals in the lengths oi restrjetion frag- contaminating andc/exotiocieases and onty tnose trac- 

ments formed bv digestion wkh a panictdar restriction 40 ^ with paiytaerase aetiviiy .and mutinsal nuclease 

er.dotiuciease. ~ contamination are pooled. The last chromatographic 

~ used" herein, the term "thermostable enzyme" purification step uses a phosphoccUalose column sug- 

refers to an et«yme which is stable to heat and is heat gested by Chien et ai., ,/. tecterioi, i2?:I5S0~155? 

resistant and catalyzes (facilitates) combination of the (l^X the disclosure of which is incorporated heretn 

nucleotides m the proper .manner to form the t>runer 45 by reference, Kaciease(s) and polymerase actjvsrtcs are 

extension products which are complementary, to each assayed as described above, and omy those po-ynterass 

lilr^o -rand C«*jcta!v, ' n .vnthes.s \\A Iv facbons with minimal nuci.o-^ conusa n<.-ic 1 are 

hunated at the 3' e;jd of each oruner and will proceed in pooled. 

the 5' direction along the temahste strand, uatil syatlte- White Kaledia et. al. and Ciaea et al report a purified 

sis terminates, producing molecules of different lengths. 50 enzyme with a molecular weight of 62-63 kcahon.s, data 

These ruay be thermostable enzymes, however, which using the modified purification protocol described 

initiate synthesis at the 5' end and proceed in the other above suggest, a molecular weight of about M- 90 kdal- 

direction, using the same process as described above. tons. 

The thermostable enzyme herein must satisfy a single The thermostable enzyme may be produced by re- 

crilerionto be effective tor the amplification reaction of is combinaat DNA techniques by the method described 

this invention, i.e.. the enzyme must not become irre- U.S. Pat. No. *,SS9,Si!s. entitled "Purified Thermosta- 

versibiy denatured ^inactivated) when subjected to the bie Enzyme", to Gelfand et as., the disclosure of which 

eievaicd igmperaJisre* tor the time necessary to effect is incorporated herein by. reference. The thermostable 

deuai.urat.itin of double-stranded nucleic acid's, irrever- enzyme also may be stored stably in a buffer as de- 

sifcie denattrration for purposes herein refers to perms- tiO scribed in that same U.S. application, 
uent and complete loss of enzymatic activity. lite heat- The present invention is directed to a process for 

tog conditions necessary for deaatara^oa witt depend, ampiifyiag any one or more desired specific nucleic 

e.g.., on the buffer salt concentration and the length and acrid sequences contained m sir sstspected of being In a 

nucleotide composition of the nacleic acids being dena- nucleic acid. Because large amounts of a specific se- 

iured, but typically range rrotn about 90 to about IQ5" <iS quence may be produced by this process, the present 

C. for a time depending mainly on the temperature and invention may be used for improving the efficiency of 

the nacleic actd length, typically about 0.5 to four min-- cloning DNA or messenger RNA and for amplifying a 

tries. Higher ternperatttrts may be tolerated as the buffer target sequence to facilitate detection thereof. 
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In general, the present process involves a chain reac- extension of the other primer into & nucleic acid of 

ricsti for producing, la exponential quantities relative to defined length. The grosser the knowledge shots* the 

the number of reaction steps iiivoh-ed, at least one spe-- bases at both ends of -he sequence, the greater can he 

eifie nucleic acid sequence given (a) that she ends of the the specificity of r.he primers for the target nucleic acid 

specific sequence are knows in sufficient detail thru 5 sequence, and thus '.he greater the efficiency of the 

oligonucleotides can be synthesized, which will hybrid- process. 

i.ze to them, and (b- that a sirsail amount of the sequence It will be understood that the word "primer" as used 

is available to initiate the chain reaction. The product of hereinafter may refer to snore than one primer, particn- 

the clsaifs reaction wili be a discrete nucleic acid duplex iarly in the case where there is some ambiguity in the 

wish termim corresponding to the ends of the specific 10 information regarding the terminal sequencers) of the 

printers employed. fragment to be amplified. For instance, in the case 

Atty nucleic acid, ia purified or nonpnrified form, can where a nucleic acid sequence is inferred from protein 

be utilized as. the starting uucleto acid or acids, provided sequence Information, a collection of primers contain- 

it contains or is suspected of containing, the specific ing sequences representing all possible eodon .variations 

sequence desired, Thus, the process may employ, for 15 based on degeneracy of the genetic code will be used 

example, DMA or R.NA. including messenger BNA, for each strand. One primer from this collection will be 

which DNA or R.MA may be single stranded or doubie homologous with the end of the desired sequence to be 

stranded. In addition, a DNA-RNA hybrid which con- amplified. 

tarns one strand of each may be utilized. A mixture of The oligonucleotide primers may be prepared using 
any of these nucleic acids may also be employed, or the 20 any suitable method, such as, for example, the pfcospho- 
nucleic acids produced from a previous amplification tricsier and phosphodiester methods described above, 
reaction hereiri using the same or different primers may or automated embodiments thereof. In one such auto- 
be so utilized. The specific nucleic acid sequence to be mated embodiment diethylphosphorarmdites are used as 
amplified may be only a fraction of a larger molecule or starting materials and may be synthesized as described 
cam be present initially as a discrete .molecule, so that 25 by Beaucage at .sL, Tetrahedron Lusters (I9$l), 
the specific sequence constitutes the entire nucleic acid. 22:1 859-IS62. One method for synthesizing oiigoniicfe- 
it is not necessary thai the sequence to be amplified otides on a modified solid support is described its U.S 
be present initially in a pure form; it may he a minor Pat. No. 4,458,066. it is aiso possible to use a primer 
fraction of a complex, mixture, such as a portion of the which has been Isolated from a bioiogical source (such 
.3-globm gem; contained in whole human DNA, or a 30 as a restriction sndonuciease digest), 
portion of nucleic acid sequence due to a particular The specific nueieic acid sequence is produced by 
microorganism which ^rgamsro might constitute only a using the nucleic acid containing titat sequence as a 
very minor fraction of a particular biological sample. template. The first step involves contacting each m:~ 
1 "he starting nucleic acid may contain more than one oleic acid strand with four different nucleoside triphos- 
deslred specific nucleic acid sequence which may be the .33 phates and one oligonucleotide primer for each dirTer- 
same or different. Therefore, the present process is ant nucleic acid sequence being amplified or detected. If 
useful not only for producing large amounts of one the nueieic acids to be amplified or detected are DNA, 
specific nucleic acid sequence, but aiso for amplifying then the nucleoside triphosphates are dATP, aCTF, 
simultaneously snore than one different specific nucleic dGTP and TTP. 

acid sequence Located on -he same or different nucleic 40 The nucleic acid strands are used as a template for -he 

acid molecules. synthesis of additional nucleic acid strands. Tins symbe- 

The nucleic acid or acids may be obtained from any sis can be performed using any. suitable method. Gener- 

source, for example, from piasmids such as pBR.322, ally it occurs sn a buffered aqueous solution, preferably 

from cloned DNA or UN a", or from natural DNA or at a pH of 7-9, most preferably about if Preferably, a 

UNA from any source, including bacteria, yeast, vi- -55 molar excess (for cioned nucleic acid, usually about 

ruses, organelles, and higher organisms such as plants Or 1000:! primerriemplate, and for genomic nucleic acid, 

animals. DNA or RNA may be extracted from blood, usually about 10*1 primer.-tempiate) of the two oligenu- 

iissue material st'ch as chorionic villi or amniotic ceils cieosids primers is added to the buffer containing the 

by a variety of techniques such as that described by separated template strands. It is understood, however, 

Maniatis et ai„ Molecular Cloning: A Lahorasory Manual 50 that the amount of complementary strand may not be 

( 1 982), 280-28 1. knows if the process herein is used for diagnostic appli* 

For the process using sequence-specific probes to cations, so t.hat ihe amount of primer relative to the 

detect the amplified material, ihe cells may be directly amount of complementary strand cannot be determined 

used without purification of the nucleic acid if they are with certainty. As a practical matter, however, the 

suspended in hypotonic buffer and heated to about 55- amount of primer added -will generally be m molar 

90- 100' : C, until ceil lysis and dispersion of intracellular excess over the amount of complementary strand i'tetn- 

coiaponerits occar, generally 1 to 15 misuses. After the plate) when the sequence to he ampiified is contained in 

heating step the amplification reagents may be added a mixture of complicated long-chain nucleic acid 

directly to die lyscd cells. strands. A iarge molar excess is preferred to improve 

Any specific nucleic acid sequence cats be produced 60 the efficiency of the process, 

by the ptesent process. It is otily necessary that a suffi- Preferably, the concentration of eueieoside tnphos- 

eient number of bases at both ends of the sequence be phates is 150-2X' p.M each in the buffer fot asiplifiea- 

ktiovv-n isi sufficient detail so that two oligonucleotide tion, and MgCi is present irt tiie buffer in an amount of 

primers can be prepared which will hybridize to differ- 1.5-2 m.M to increase the efficiency and specificity of 

ent strands of the desired sequence and at relative post- 65 the reaction. 

rions along the sequence such that an extension product The resulting solution is then treated according to 

synthesized from one primer, when it is separated from whether the nucleic acids being amplified or detected 

Irs template (complement), can serve as a template for are double or stnglesiranded. If the nucleic acids are 
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single-stranded, then no denaturatior; step need by en> activity of the enzyme In facilitating synthesis of the 

ployed, and the reaction mixture is held at a tempera- primer extension products from she hybridized primes: 

■are which promotes hybridization of the primer to its and template. The temperature must actually be sufii- 

complementary target (template) sequence. Such terti- dent to synthesize an extension product of each primer 

oerature is generally fmrcs about 35 to 65° C. or higher, 5 which is complementary to each nucleic add template, 

preferably room 37-60* C, for an effective time, geuer- bat must not be so high as- to denature each extension 

aliy one-half to five minutes, preferably one- three mia- product from its complementary template (i.e., the iem- 

t'cs ? e era^,\ 4- s * O \ *sed tor fa^ po{ wae p»n fiin ts^ntrtJ Its, nan a xut 6 > a t ' v C > 

and > iS«mer primefs to teease the specificity of Depending mainly on rise types of .enzyme .and tsu- 

primar hybridization. Shorter primers seed lower tern- 10 oleic aeid(s) employed, the typical temperature effee- 

peratures. rive for this synthesis reaction generally ranges from 

The complement to the original single-stranded an- about 40 to SO" C, preferably 30-73* C The tempera- 

eieie acid may be synthesized by adding one or two t«re snore preferably ranges from about 65-75° C. when 

oligonucleotide primers thereto, if tin appropriate sin- a polymerase front Thermits aquaOass is. employed. The 

gie primer is added, a primer extension, product is syn- IS period of time required for this Kvmhesis may range 

thasvxed in the presence of the primer, the thermostable from about. 0.5 to 40 mimn.es or more, depending mainly 

enzyme and the nucleoside triphosphates. Die product on the temperature, the length of the nucleic acids, the 

will be partially complementary, to the single-stranded enzyme and the complexity of the .nucleic acid mixture, 

nucieio acid and will hybridize with the nucleic acid preferably one to three minutes. If the nucleic acid is 

strand t;> form a duplex of strands of unequal length 20 longer, a longer period of rime Is generally required, 

which may then be separated into single strands as de- The presence of dimetltylsulfcxide (DMSO is not uee- 

scribed above to produce two single separated coniple- essary or recomm ended because DM SO was found to 

mentary strands. Attentively, two appropriate prim- inhibit Taq polymerase enzyme activity, 

ers may be added to the single-stranded nucleic acid and The newly synthesized strand and its complementary 

■he teaciion earned out. *5 nucleic add strand form a double-stranded molecule 

If the nucleic acid contains two strands, it Is necessary winch is used in the succeeding steps of the process, in 
to separate the strands of the nucleic acid before it cast Use next step, the strands of the dc-uble-stnuided mole- 
be used as the template. This strand separation can be oule are separated by heat denaturation a- a temperature 
accomplished by any suitable denaturing method in- effective to denature the molecule, am not so high -hat 
eluding physical, chemical or enzymatic meat's. One 30 the thermostable enzyme is completely and irreversibly 
prefe-red physical method of separating the strand;- of demvur ad or inactivated. Depending mainiv on the type 
the nucleic acid involves heating the nucleic acid until it of enzyme ami the length of nucleic acid, this tempera- 
is completely denatured. Typical hear, denatur- Owe generally ranges from about 90 to 105° C, more 
ation involves temperatures ranging from about 90 to preferably 90-100* C, and the time lor denaturation 
lOS" C for times generally ranging from about 0.5 to 5 35 typically ranges from 0.5 to four minutes, depending 
minutes. Preferably the effective denaturing tempera- mainly ort the temperature and the nucleic acid length, 
sure is 30-100° C for 0.3 to 3 minutes. Strand separation After this time, the temperature is decreased to a level 
may also be induced by an enzyme from the class of which promotes hybridization of the primer to its corn- 
enzymes known as heiicases or -be enzyme RecA, plementary single-stranded molecaie (template) pro- 
waieh has hetiea.se activity and in the presence of ri- ~Q duced from the previous step. Such temperature is ds- 
baATP is known to denature DMA, The reaction con- scribed above. 

dltions suitable for separating the strands of nucleic After this hybridization step, or m Hen of (or conanr- 

acids with belioases are described by Kubn Hoffmann- rentiy with) this hybridization step, the temperature is 

Berling, CSff-Quantitativc Biology, 43:63 (1978), and adjusted to a temperature which is effective to promote 

techniques for using Roc. A are reviewed in C Radding, 4-s the activity of ihe thermostable enzyme to enable syn- 

Anit, Me* £Ss««tto., i '1-403-37 (19S2). The denaturarion thesis of a primer extension product using as template 

produces two separated complementary strands of the newly synthesized strand from the previous step, 

equal or unequal length. The tempera rare again must sot be so high, as to sepa- 

It the doublc-tr mtie^t smci,':c ac.d is dena ! ured by rate fdertatute} the extensio i product iron -s tcmplare, 

heat, the reactioti msxtare is allowed to cool to a tem- 50 as previously describes! (usually from 40 to SO" C. for 

parature which promotes hybridizaiion of each primer 0.3 to -10 minutes, preferably 50 to 70" C. for 5-3 mix;- 

present to its complementary, target (template) se- utes). Hybridization may occur during tins step, so that 

quenee. This tempersrere is usually from about 35 to the previous step of cooling before denatunnion is no- 

about 6S" C or higher, depending on reagents, prefera- required. In such a ease, using simultaneous steps, the 

biy from about 37'"' C to about <i0° C, maintained for an 55 preferred temperat-tre ranee is 30° 0.-70* C. 

effective titne, generally 0.3 to 5 minutes, and preferably The heating and cooling steps of strand separation, 

1-3 minutes. .1st practical terms, the temperature is sim- hybridization, ana extension product synthesis can be 

ply lowered from about 95* C to about 65* C. or to as repeated as often as needed to produce the desired 

low as 3?'" C, preferably to about 45-5S" C, for Taq quantity, of the specific nucleic acid sequence, depend- 

polymerase, and hybridization occurs at a temperature 60 ing on the ultimate use. The only limitation is the 

within this range. amount- of the primers, the thermostable enzyme and 

Whether the nucleic acid is single- or double- the nucleoside triphosphates present. Preferably, the 

stranded, the thermostable emtyrue may be added at the steps are repeated at least once. For use in detection, the 

denaturation step or when the temperature is being number of cycles will depend, e.g., on the nature of the 

reduced to or is in the range for promoting aybridiza- 65 sample. For example, fewer cycle;; will be required If 

t on Jhe reae'R " m\tm k <1 en ha.t,<d o a - eropt ra- the sample iting ampbfYd t- pure It tb» ■■a'nple >s 

ture at which the activity of the enzyme is promoted or complex mixture of nucleic acids, more cycles will be 

optimized, i.e., a temperature sufficient to increase the required to amplify, the- signal soffseientiy for its detec- 



13 

tion. For general amplification and detection, prefera- 
bly the process is repealed a; least 20 times. 

When labeled sequence-specific probes are employed 
as described beiotv, preferably die steps are repeated at 
least five times. When human genomic DNA is em- 5 
ployed with such probe*, the process is repeated prefer- 
ably 15-30 times to amplify, the sequence sufficiently 
that, a clearly detectable signal is produced, i.e., so that 
background noise does not interfere with detection. 

As will be described m further detail below, the i.0 
amount of the specific nucleic acid sequence produced 
wtfl accsuritrkte hi asi exponential fashion. 

No additional nucleosides, primers, or thermostable 
enzyme need be added after the initial addition, pro- 
vided that the enzyme has not become denatured or \S 
inactivated irreversibly, in which ease it is necessary to 
replenish rise enzyme after each denaturing step. Addi- 
tion of such materials at isseh step, however, will not 
adversely affect the reaction. 

WSea it is desired to produce more than one specific JO 
nucleic acid sequence from the Srst nucleic acid or 
mixture of nucleic acids, the appropriate »«mher of 
different oiigonucieoside primers arc urilized. For ex- 
ample, if r\vo different specific nucleic acid sequences 
are to be produced, four primers are utilized. Two of I'i 
the primers are specific for sine of the specific nucleic 
add sequences and the other two primers are specific 
for the second specific nucleic acid sequence. In -.bis 
manner, each of the two different specific sequences can 
be produced exponentially by the present process. 30 

After the appropriate length of time has passed to 
produce the desired amount of the specific nucleic acid 
may be halted by inactivating the 
s manner (e.g„ by adding EDTA, 
ol) or by separating the eorapo- 35 



enxvu-es m any scno 
CHC a. SDS sir ph 



ducted a 
mated process, thereac 



; cttihod.ime.st of att auto- 
•uxrure maybe temperature 
cycled such that the temperarure U programmed to he 40 
controlled at a cmasa level for a certain time. 

One such instrument fortius purpose is the automated 
machine for handling -he amplification reaction of this 
invention described its now abandoned U.S. paten; ap- 
plication Ser No. S33,36S filed Feb. 25, 1986 entitled 45 
"Apparatus And Method For Performing Automated 
Amplification of Nucleic Acid Sequences And Assays 
Using Heating And Cooling Steps," the disclosure of 
which is incorporated herein by reference. Briefly, this 
triSErtrmeat stifixes a liquid handling system under com- 50 
pater control to make liquid transfers of enzyme stored 
at a controlled temperature m a fust receptacle into a 
second receptacle whose temperature is controlled by 
the computer to conform to a certain incubation profile. 
The second receptacle stores -he mtcieic acid sequcn- 55 
ca(s) tti be amplified plus the nucleoside triphosphates 
and primers-, 'hie computer b 
through which a user can e; 
which control the characiaristi 
the amplification sequence sue 
:s of incubation, the am 



r process t 



r interface 
eters 
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A preferred machine which may be employed utilizes 
temperature cycling without a liquid handling system 
because the enzyme need not he transferred at every 
cycle. Such a machine is described more completely ut 
copending U.S. patent application Ser. No, 599,061 filed 
Aug. 22, ISS6, the disclosure of which is incorporated 
herein by reference. Briefly, this instrument consists of 
the following systems-. 

I. A. heat-conducting container for holding a given 
number of tubes, preferably 500 wl tubes, which contain 
the reaction mixture of nucleoside triphosphates, prim- 
ers, tsueieie acid sequences, and enzyme. 

ducting container above and below room temperature, 
which means has an input for receiving a control signal 
for controlling w hich of the temperatures at or to which 
the container is heated, cooled or maintained. (This may 
i>e Peltier heat pumps available from Materials Elec- 
tronics Product!! Corporation in Trenton, NJ. or a 
water heat exchanger.) 

3. A computer means (e.g., a microprocessor control- 
ler), coupled to the input of said means, to generate the 
signals which control automatically the amplification 
sequence, the temperature levels, and the temperature 
ramping and timing. 

in another embodiment, the enzyme used for the 
synthesis of primer extension products can be immobi- 
lized in a column. The other reaction components cat! 
be continuously circulated by a pump through the col- 
umn and a heating coil in series. Thus, die nucleic acids 
produced can. be repeatedly denatured without inacti- 
vating the enzyme. 

The presort* invention is demonstrated diagrarnmati- 
eally below where double stranded DNA containing 
the desired sequence [S] comprised of complementary, 
strands [S*] and [S~i is utilized as the nucleic acid. 
During the first and each subsequent reaction cycle 
extension of each oiigonucieoside primer on the original 
template will produce one new ssDNA molecule prod- 
uct of indefinite length which terminates with only one 
of Site primers. These products, hereafter referred to as 
"long products," will accumulate in a linear fashion-, 
that is. the amount present, after any number of cycles 
will be proportional to the number of cycles. 

The long products thus produced will act as tem- 
plates for one or the other of the oiigonucieoside prim- 
ers during subsequent cycles and will produce mole- 
cules of the desired sequence IS * ] or 1S ;< ; J, These mole- 
cules will also function 3s templates for one or the other 
of the oiigonucieoside printers, producing further [S*i 
and [S~], jjjjjj ;jj«s 3 chain reaction can be sustained 
which will resuh in the accumulation of [S] at an expo- 
nential rate relative to the number of cycles. 

By-products formed by oiigonucieoside hybridisa- 
tions other than those intended are not self-catalytic 
(except in rare instances; and thus accumulate at a linear 



The specific sequence to be ampiith 
iepicted diagrammatieafiy as: 



, {SI can be 



'The appropriate oiigonuceotide primers would be: 



M-ms: h CiCtCiOOdGGOG 
Priajer J: AAAAAAAAAA 



« separated jhks single mmds md its single strands are Ori denaturation of the duplexes formed, the produc 
iybridHed so Friawrs I sad 3s the foliowrag extensuJa are: 



Trrrnmr 



^AAAAAXXxxxxxxxscccccrca 



twiginai hsnphue atfa»Kl- 



AAAAAAAAA500fXX3DOCXXCCCCCCCCCX:i«- 



taction;; can he catalyzed by .1 thermostable polymer- If these four strands are allowed res rehybridize with 
sc- in- fee presence of thefotir auck'Stide trigbospfcatess Primers 1 md 2 in the next cycle, the thermostable: 
25 polymerase will catalyze, the Following .reactiocs; 



^ITrTTrrTnyYYYYi'YYSiC 



. If the strasds of the above four duplex* 
1 the rhilowtng strands are found: 



-TrrrvYyrmYYYsaaoao 



TYYYYYYYYYYGdCO! 
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It: is sees- rbat each strand -which terminates with the 
oligonucleotide sequence of one primer .-sad the comple- 
mentary sequence of the other is the specific nucleic 
acid sequence [S] that is desired to be -produced. 

The amount of original nucleic acid remains constant 
in the entire process, because It is not replicated. The 55 

they are produced only from the origins! nucleic acid. 
The amount of the specific seq«ence increases expouen- 
daily, Tk&$i the specific sequence will become the pre- 
dominant species. This is illustrated in -he following 
table, which -indicates the relative amounts of the spe- 
cies theoretically present after n cycles, assuming 100% 
efficiency at each cycle: 



•A) 



When a single-stranded nucleic acid is nulLscd as the 
template, only one long products is formed per cycle. 

A -sequeaee. within a given sequence can he amplified 40 
after a gives number of amplifications to obtain greater 
specificity of the reaction by adding after at least one 
cycle oi' amplification a set of primers winch are com- 
plementary to usternai sequences (which are not on the 
cads) of the sequence 10 be amplified. Such primers may -\S 
be added at arty stage- and will provide a shorter ampli- 
fied fragment Al-ternarively, a longer fragment cmx foe 
prepared by using primers with, non-complementary 
ends hut having some overlap with the primers previ- 
ously utilized in the amplification, 50 

The method herein may be utilized to close a particu- 
lar nucleic acid sequence tor insertion into a suitable 
expression vector. The vector may then be used to 
transform ait appropriate host organism to produce the 
gene product of the sequence by standard methods of 55 
recombinant DKA technology. 

The amplification process herein may yield a mixture 
of nucleic acids, resulting from the original template 
nucleic acid, the expected target amplified products, 
and various background non-target, products. The am- SO 
pliSed- product can also be a mixture if the original 
template DMA contains mnltipie target sequences, such 
as is a rhetetorygous diploid genome or when there is a 
family of related genes. 

The primers herein may be aiodified to assist the 65 
rapid and speciSc cloning of die mixture of DNAs pro- 
duced by the amplification reaction. In one such modifi- 
cation, a restriction site is contained in each of the prim- 



ers or in the sequence to be amplified and cloned- Pref- 
erably, the same ox different restriction sites are incor- 
porated at the 3" ends of the primers to result m restric- 
tion sites at the two ends of the amplified product. 
When cut with the appropriate enzymes, the amplified 
product can then, be easily inserted into plssmid or' viral 
vectors arid cloned. This cloning allows the analysis or 
expression of Individual amplified products, not a nrix- 

If the primers have restriction sires incorporated 
therein, the same restriction site can be used tor both: 
primers. The use, however, of different sites allows ihe- 
insertion of the product into the vector with a specific 
orientation and suppresses .multiple insertions as well as 
insertions <<sssmg Sro n *m^h n. bons, or. <■"< \ one 
of the two primers. The specific orientation is useful 
when cloning into single-strand •sequencing vectors, 
when single-strand hybridisation probes an; used, or 
when the cloned prod-act is being expressed- 

One method to prepare the primers Is to choose a 
printer sequence which differs minimally from the tar- 
get sequence. Regions in which each of the primers is to 
be located are screened for homology to restriction sites 
appropriate to the desired vector. For example, the 
target sequence "CaGTaTCCGA..." differs by only 
one base from one containing a BamKI site. A primer 
sequence is chosen to match the target exactly at Its 3' 
end, and to contain the altered sequence aad restriction 
site near its 5' end (for example, "CAGgATCCGA...", 
where the lower case letter symbolizes a mismatch with 
the target sequence). This minimally altered sequence 
will not interfere with the ability of the primer to hy- 
bridize to the original target sequence and to initiate" 
polymerization. After the first amplification cycle the 
primer is copied, becomes the target, and matches ex- 
actly with new primers. 

After the amplification process, the products are 
cleaved with the appropriate testriction enzymes, the 
restriction digest Is optionally separated from inhibitors 
of ligation such as the nucleoside triphosphates and salts 
by, for example, passing over a desalting column, or a 
molecular weight chromatography column, or through 
a membrane, and the digestion produces) containing 
the amplified sequence to be cloned is/are inserted by 
ligation into a cloning vector such as bacteriophage 
M13. The cloning vector generally has a selectable 
marker and may optionally also have a urometer. The 
gene may then be sequenced and Ax esptessed, if it 
codes for a protein, using well known techniques. The 
gene may also be sequenced by adding an appropriate 
primer during the amplification process which primer Is 
complementary -to the desired portion which is to be 
sequenced. The primer will form an extension product, 
and the extent of amplification with such extension 
product will provide sequence information. 

Another method tor preparing the primers involves 
talcing the .1' end of the primers from the target se- 
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quenoe and adding the desired restriction sitefs) to the 5' 
end of the primer. For the above example, a Hindi!! she 
eouid be added to make the sequence "cgaasxntCAG- 
TATCCGA...*', where lower case letters are as de- 
scribed above. The added base? would not contribute to 5 
the hybridization In the first cycle of amplification, but 
would match in subsequent cycles. The final amplified 
products ate then cut wish restriction enzyme(s} and 
cloned and expressed as -described above. The gene 
being amniHied may be, for example, human beta-heroo- 10 
giobin or the human HLA DQ, DR or DP-« and -Q 
genes. 

In an alternative, but Jess preferred and less efficient, 
method of cloning wherein blunt-end ligation is em- 
ployed rather than sticky-end ligation (using restriction 55 
enzymes), fas basic amplification procedure is em- 
ployed without concern for restriction enzymes la the 
primers or s«gBeacs(s) to ee cloned. The steps must be 
repeated sufficiently, however, to produce enough am- 
plified sequance(s) to effect ligation. Blunt-end ligation 20 
requires greater concentrations of sequencers) and dos- 
ing vectorfs) to be present than sticky-end ligation. la 
addition, the ligation must take place in the presence of 
a Sigase, such as T4 ligase. K an'/ ligase and Itgase. Once 
the amplified product Is obtained, the ligation proee- as 
dure Is a standard procedure using conditions well 
known to these skilled Is the art. 

The dotting method which does not involve blant 
and iigauon controls the orientation or multiplicity of 
Insertion of the amplified product into the cloning vec- 50 

In addition, the process herein can be used for in vitro 
mutagenesis. lite oligonucleotide primers need not be 
exactly complementary to she nucleic acid sequence 
which is being amplified. It is only necessary that drey 35 
be able to hybridise to the sequence sufficiently well to 
be extended by the thermostable enzyme. The product 
of an amplification reaction wherein the primers em- 
ployed are not exi.ct.v eonipSement.irY to she orsgma 
template will contain the sequence of the primer rather 40 
than the template, thereby introducing an in vitro- muta- 
tion. In further cycles this mnistios will be- amplified 
with an undiminished efficiency because no further 
mispaired primings are required. The mutant thus pro- 
duced may be inserted into an appropriate vector by 45 
^andard moiecuiar biological techniques and might 
confer mutant properties on ibis vector such as tiie 
potential for production of an altered protein. 

Tlse process, of tnalcing an altered DNA sequence as 
described above could be repeated on the altered DNA 50 
using different primers to- induce further sequence 
changes. In this way a series of mutated sequences 
could gradually be produced wherein eaoh ;iew addi- 
tioa to the series could differ from the last in a minor 
mt from r:he original DNa scarce seqnet 
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process. After the extension primer is added, sufficient 
cycles are run to achieve the desired amount of new 
template containing the non-complementary nucleoside 
insert. This allows production of large quantities of she 
combined fragments hi a relatively -short period of time 
(e.g., swo hours or less) using a simple technique. 

The method herein may also be u-sed to enable defec- 
tion and/or characterization of specific nucleic acid 
sequences associated with infectious diseases, generic 
disorders or cellular disorders such as cancer, e.g., on- 
cogenes. Amplication is useful when the amount of 
nucleic acid available for analysis is very small, m, for 
example, in the prenatal diagnosis of sickle veil anemia 
using DNA. obtained from fetal ceils. Amplication is 
particularly useful if such art analysis is to be done on a 
small sample using non-radioaenvc detection tech- 
niques which may be inherently insensitive, or where 
radioactive techniques are being etnpioyed but whese 
rapid detection is desirable. 

For purposes of tins invention generic diseases may- 
include specific deletions and/or mutations in genomic 
DNA from any organism., such as, e.g.. sickle cell ane- 
mia, a-th&lasseatia, ^-thalassemia, and the like. Sickle 
ceil anemia can be readily detected via oligomer restric- 
tion analysis as described ia EP Patent Publication No. 
164,054 published Dec. II, 1985, or via a RFLP-iike 
analysis following amplification of the appropriate 
DNA sequence by the present method. u-Thalassemia 
can be detected by the absence of a sequence, and /itha- 
lassemia can be detected by the presence of a polymot- 
phic r^triction site closely linked to a mutation that 

All of these genetic diseases may be detected bv axa- 
nce and analyring'it by 
s probes. In 
ale of DNA 
-low level of 



increasingly major way. In this manner changes could 
be made ultimately which -a ere not feasible in a single 
step due to the inability of a very seriously mismatched 

in addition, the primer can contain as past of its se- t 
qnence a non-completnesstary sequence, provided that a 
iUfiseient amount of rise primer contains a sequence 
which is complementary 10 the strand to be .-amplified. 
For example, a nucleoside sequence which is not com- 
plementary to the template sequence fsuch as, e g., a S 
promoter, linker, coding sequence, etc.) may be at- 
tached at the 5' end of one or both of the primers, and 
thereby -appended to the product of the amplification 



ing. the appropt 
Southern blots without using radios 
such a process, for example, a small 
from, e,g„ amniotic fluid containing a 
the desired sequence is amplified, cut with a restriction 
enzyme, and analyzed via a Southern blottmg tech- 
nique. The tsse of nonradioactive probes is facilitated by 
the high level of the amplified signal. 

Irt another embodiment, a small sample of DNA may- 
be amplified to a convenient level and then a further 
cycle of extension reactions performed wherein nucleo- 
side derivarivfts which are readily detectable {such as 
—p-labeled or biotin-labelea aucleossde triphosphates) 
are incorporated directly into the final DNA product, 
which may be analysed by restriction and electTopho- 
> retic separation or any other appropriate method. 
In a further embodiment the nucleic acid may be 
exposed to a particular restriction endotmoiease prior to 
amplification. Since a sequence which has been cut 
cannot be amplified, the appearance of an amplified 
; fragment, despite prior restriction of the DNA sample. 
:raphe.-, she absence of a site for the endonnclease within 
rite amplified sequence. The presence or absence of an 
amplified sequence can be detected by an appropriate 
method. 

j A practical application of this technique can be illus- 
trated by its use in facilitating the detection of sickle ceil 
anemia via the oligomer restriction technique described 
hesein and ia EP 164.054, su&m, and Saiki et al„ 8io/- 
Teeknokg?, 3, pp 1008- 1012 (I9SS), the disclosures of 

i which are incorporated herein by reference. Sickle ceil 
anemia is a hemoglobin disease which is caused by a 
single base pair change in the sixth codon of the 
giobin gene. 
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The method of this invention may also be used to washing on* or more times with varying concentrations 
detect directly single-base pair variations in nucleic acid of standard saline phosphate EDT.A (SSPE) {580 mM 
sequence {such as genomic DNA) using sequence- NaCi, 50 mM N&HPOa and S M EDTA. pH 7,4) sow- 
specific oligonucleotides. This particular method is tions at ?.5-73 v C. for about SO minutes So one hour, 
described in copending U.S. Ser. "No. 859,344 fifed Aug. S depending on the temperature. The label is then de- 
22, 1986, the disclosure of which is incorporated herein tectcd by using any appropriate detection technique, 
by reference. The sequence-specific oligonucSeoside employed 

In this method, the sequence variation, whether re- herein is an oiigontioieoside which is generally prepared 

suiting from cancer, ass infectious disease, or a genetic and selected as described above for preparing and se- 

disease, e.g., a genetic lesion, is directly detected, enrol- 10 iecting the primers. As described above, the sequence- 

nating the need for restriction digestion.* electrophore- specific oligoRttckoside must encompass the region of 

sis, and gel manipulations otherwise required. The use the sequence which spans the nucleoside variation being 

of sequence-specific oligonucleotides in a dot blot for- detected and must be specific for the nucleoside varia- 

mat after amplification, as deserved herein, provides tion being detected. For example, if it is desired to de- 

for improved specificity and sensitivity of the probe; an ,5 teot whether a sample contains the mutation for sickle 

interpretable signal can be obtained with a 0.04 &g sanv- eel! anemia, one oilgonueieoside will be prepared which 

pie in six hours. Also, if the amount of sample spotted contains the nucleoside sequence site characteristic of 

on a membrane ss increased to 0.3-0.5 jag, non-isotopi- the normal /S-giobin gene and one oiigonueleoside wiii 

eaiiy -abeied oiigouucieo tides amy be utilised rasher be prepared which contains she nucleoside sequence 

than the radioactive probes used in previous methods. 30 characteristic of the sickle eel! allele. Each oiigonuclso- 

Furfheroiore. the process described hereiubeiow is ap- side would he hybridized to duplicates of the same 

placable to ^seofsequence^speciSeoiigonucieotidcs less sample to determine whether the: sample contains the 

than 19-mers hi size, thus allowing use of more discrirni- mutation. 

natory sequence- specific oligonucleotides. The polymorphic areas of HLA class 1 1 genes are 

Regarding genet::: d;-«a-es-, while RFT.P requires i kjcaltyed ( o specific regions of the first e>:on and are 

polymorphic restriction site to be associated with the flanked by conserved sequences, so that oilgonueieoside 

disease, sequence-specific oligonucleotides directly de- primers complementary to opposite strands of the eon- 

tec; the genetic lesion and are generally mere useful for served 5' and .1' ends of the first axon can be prepared, 

•he anatysis of such diseases as hemoglobin C disease. The number of oligonucleotides employed for detec- 

:i-i -antitrypsin and /.^thalassemia, which result from 30 don of the polymorphic areas of the HI. A class \ 1 genes 

single-base mutations. In addition, the oligonucleotides will vary depending on the type of gene, which has 

can be used to distinguish between genetic variants regions of base pair variation which may be clustered or 

which represent different alleles (e.g., HLA typing), spread apart, if the regions are clustered, as in the case 

indicating the feasibility of a sequence-specific oiigonu- with HLA-DQ-a, then one oligonucseoside is employed 

cfeosirie-based HLA ivping kit that includes a thermo- 35 for each allele. If the regions are spread apart, as in the 

stable enzyme. ' * case with HLA-DQ-/2 " and HLA-DR-& than more 

In one embodiment of the invention herein wherein a than one probe, each encompassing an allelic variant, 

nucleoside variation in sequence is to be detected, the will be used for each allele., la the esse of Bl.A-DQ-/? 

sample, amplified as described above using one primer and HLA-DR-^three probes are employed for the three 

For each strand of each nucleic acid suspected of con- 40 regions of the locus where allelic variations may, occur. 

• sitting the nucleoside variation, is spotted directly on a For detection of itisniindependent diabetes meihtus 

series of membranes and each membrane is hybridized (!DT>M) four probes for the HLA-DR/3 second eson 

with a different labeled seqtjenee-speciflc oligonucieo- are employed. 

side probe. One procedure For spotting the sample on a Haplotypes can be inferred from segregation analysis 

membrane is described by RaSbtos et al., Is'uckic Asia's 45 is families or, in some cases, by direct analysis of the 

Research, ?:13^1~15S2 {1979.!, the disclosure of winch is individual DNA sample. Specific allelic combinations 

incorporated herein by reference, (haplotypes) of scquencespecific oligonucleotide: reac- 

Briefly, the DNA sample affixed to the membrane tivities can be identified b heterozygous ceils by using 

may be pretreated with a prehybridisatiors solution restriction enzyme digestion of the genomic DNA prior 



g sodium dodecyl sulfate, Ficoil, serum alba- 50 to amplification, 
mirs and various saiis pnor to the probe being added. For example, if ia DQfi one finds three highly van- 
Then, a LreUd ^h gonucie. j->-dc- prooe which is specific able subregions A, B. and €. within a single amplified 
to each sequence variation to be detected is added to a region, and if there are six different sequences .«. each 
hybridization solution similar to the prehybridizatkm region (A.1---6, Bi-b, Ct-6). than an Individual could be 
solution. The hybridisation solution is applied to the 55 typed in the DQ/3 locus by sequence-specific oligonu- 
membrane and the membrane is subjected to uybridiza- cleoside probe analysis as containing A.i, A2... 82. B3; 
tion conditions that will detJettd on the tirobe type and Ci, C4 : with the -jossibie hapiotype combinations of Al, 
length, lite type and concentration of maredients. etc. B2, CI: Al, 82, C4; A2, BZ CI; A2. B2, C4., AX, B3, CI, 
Generally, hybridization is carried out at about 25* to AL B3 V C4; Al, B2, Ci; and Al. B2, C4. 
75* C, preferably 35 to d5 v ' C„ for 0.25-30 hours, prefer- $0 if the genomic DNA is digested with a polymorphic 
ably less tliau three hours. The greater die stringency of restriction enzyme pnor to amplification, and if the 
-oaci *o,n, ne >?re^t„ ^ere. m~.s cjm^L«Tiertai«v ^tti-yme c^ts b%>J ! <i le 1 ^- >G.twec* I^'W! tt ere 
for hybridization between ihe prt)be .and sample. If the no reactivity with the sequencespecific probes due to 
background level is high, stringency may be increased lack of amplification, and the result is utiinibntiative. f f 
accordingly. The stringent conditions can also be- incor- f>S the enzyme cuts neither allele, the probe results with 
porated in the wash, digested and undigested genomic DMA are the same 
After the hybridization, the sample is washed of un- and the result is iininfonnative. If the eazytne cuts only 
hybridized probe using any suitable means such as by one allele, however , then one can infer h-oth haplotypes 
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by comparing the probe reactivity patterns on digested acid sequence containing the vana-ion, if present, is 

and undigested DNA> sported on (affixed to) the membrane under prehybridi- 

The hapiotypes cars be deduced by comparing se- zanon conditions as described above. Thy amplified 

quence-specific oligonucleoside reactivities with mie-at sample is then added to the pretreated membrane under 

genomic DNA and genomic DNA cut with on:; or 5 hybridization conditions as escribed above. The?; the 

;;everai enzymes known to he polymorphic and to tec- labeled oligonaeieoside or a fragment thereof is released 

ognfes* sites between the primers, from the membrane m such a way thai a detection 

The length of the sequence-specific oligouudeoside fficaR$ ca t, be used so determine if an amplified sequence 
tvsli depend oh many factor, including the particular hi the sample hybridised to the labeled ofigonuclecside. 
Urges. molecule Oerag detected, -he source ofoligonu- SO The release may take place, for example, by adding a 
cieostdc. and the nucleoside composition. For purposes restriction enzyme to the membrane which recognizes a 
herein, tite sequence-specific oiigonocieoside typically resKjcuosj .site in the probe. Tins procedure, known as 
contains 15 -25 nucleosides, ahhongb ir may contain. oligomer restriction, is desenhed more fullv in T?.P Pa- 
more or fewer nucleosides. While oligonucleotides tem p u i>HcaTio« 1<&.054 nubhshed Dec, ti. 1985, the 
;irS , at iei:St A"'* raers k>RSth SJ3y enhance sped- H disclosure of which is incorporated herein bv reference. 
h«ty ana/or sensitivity, probes which are less man 19 , B both thft fbnv3rd at5d reversc dot biot ^ ethods , tJu? 
?. ers -. t '-.-- :; f ' w nsore seqaence-specHic feeaetic diseases which may be detected include sncciftc 
<^,™aao« presi^aably because a stogie nmmon » i detions> Unions atid / or substitutions in an^ base 
more uestamhzmg. Because amplication increases {r matadoa or polymorphism « nucleic acids, for 
specniosty *> that a .oager ,engta is less cnuccu, and 20 ^^j^ps^ genomic DNA, from any organism. Examples 
.-.XM^WvurJU^unl*^ of^^Cm.th.ch^e^t i i it, x «v * iua, 
; or toe same sau «mcemrat 5 <m tt « prsicrreo w use ^ cd , aaeKjis> &era0 g iofe C disease, a. .thalassemia, 
oagonuoeoacies wmcn are Jess tan .J triers in .ength £., hatosiit , and the ^ other leases thai mav be 

w here the samme-is it rst placed on the membrane and \ j • r j . . . . " . 

then delected with the oiigosacleostde. the oligonu- 25 ^ted tnc.ude cancerous diseases suca as taose m- 

cieoside must be iabeiod with a citable label moiety, vo ^ n ? J;e RA f :u<: «^ A * 

wiach taav he detect bv sr>ecln 5S copic ^hotochetni- ana mjecnoos dtseases. 

cal b ; odicnhcal. trnatuis^hettncal or chemical mean., . A ^ bloE f 0 ** 8 m ^ f s0 bs usc f. tcr 

Itnttmnochetmai'l means include anybodies which are m the ***** oi ^ transp autatton. disease susceptt^ 

capable of formiag . complex wita the ofisomtcJeoside 30 and i™ity dete.rmniatwn. The H...A ejass 1 

under satiable conditions, and biochemical means in- ^ nah ' coasisoag ot the a0 aad b >Jenes ifom the hLA- 

dude nolvoeptSdea or fcclias capable of formtag a com- DR - \^ fQ ™* HI..A-DP regions, are : highly poiy- 

uieA with the oiigonadeoskie" under the appropriate ^rphxc, their geuettc complexity at the DNA feve: is 

conditiotis. Examples include Ouoresceni dves, elec- asntticamly greater that the polymorpnism currently 

trtsv-dense reagents euxvrae* capable of depositing i$ tferologkrai typing, in addiaon. the process 

insoluble reactsotj' tr^ncx% or K^n*- d-'tecied heretn may he employed to detect certain DNA set^ea- 

chromogenicallv. such as horseradish oeroxidasei' alka- ces eodin $ for mjK chs * 1 ' P™***™ DS B > 

line ohosphatase. a radioactive label 'such as ?-P, or ciat ' ;d wUh insiiim-dependem diabetes whiter*, 

biotin. !f biotia is oaiploved. a spacer arta mav be (IDDM) as described tnore xuily m copetsdiag U.S. Ser. 

iked to attach ;t so the o&tonueieoside. Prcfcrahiv, the 40 No ^512 filed Aug. 22., 1986, the disclosure of which 

iabei moietv is horseradish ijeiosidase. IS incorporated herein by reieretice. Brsetly. the four 

Altcraasively, in otte "revetse™ dot blot forxttat, at DNA sequences, associated sv-.th IDDM are selected 

iaast one of •he'primet s aad/o'r at kalt one of the fota froKi th « S«s«P consisting of; 

mteleoside triphosphate* is labeled with a detectable (1) S'-GAGCTGCGTAAG FCTC1AC} -.'?' . 

label, so that the resulting amplified sequence is labeled, -it: <~> 5'-GACK3AGTTCCTGCGCTTC-.V , 

These labeled moieties uiav be tuesent initially in the ?'-CCTGTCGCCGAGTCCTGG-3' , and 

reaction tnixture or added "during a later cycle of the < 4 ) S'-GACATCCTGGAAGACGAGAGA-i', or 

ainolificaison to hstroduce the label to the aniphiicanon DNA strands that are complementary thereto, 

product. Then an uaiabeled itsnteiice-specific oligtmu- Sequence-specific probes may be prepared that will 

deoside capable of hybridising with the .-jmplifted nii- SO hybridize to one or more of these sequences, 

cieic acid ::»;nsence, if the sequence variation(s> Various infectious diseases c;ui be diagnosed by -he 

(whether normal or aisttaat) is/are present, is spotted on presence in clinics! sample:; of sp«;ific DNA sequence;; 

faffsxed to) the membrane under prehybridizatioa con- characteristic of the caitsadve microorgaaistn. These 

ditions as described above. The amplified sample is then include &acteria, such as Salmonella, Chlamydia. N'eis- 

added to the pretreated membrane ander hybridization S3 seria., viruses, sites as the hepatitis viruses, and para- 

coaditions as desenbed above. Finally, detection means sheA, such as the Plasmodium responsible for malaria, 

are used to determine if an amplified sequence in the h ; .S. Patent Reexamination Certificate BI4,.15it.535 is- 

aiicleic acid sanmfe isas hybridized to the oligoniicieo- sued on May 13, 19S6' to Ftslkow et al. describes the use 

side afisxed to the membrane. Hybridization will occur of specific DNA hybridization probes for the diagnosis 

only if the membrane -hound sequence containing the ■'/) of infectious diseases A relatively small number of 

variation is present it; the amplification protluct, i.e., pathogenic organisms may be present in a clhsictd sarn- 

oniy if a sequence of the probe is complementary to a pie from an infected patient and She DNA extracted 

region of the amplified sequence. from these may constitute only a very small fraction of 

in another version of the "reverse" dot mot forjnai, the total DNA in the sample. Specific amplification of 

• he amplification is carried out without employing a ftS suspected sequences prior to immobilization and ny- 

label tss with the "forward" dot. blot format described bridizaiion detection of the DNA samples could greatly 

above, and a labeled seqneneespeeific oiigoiiuekoside improve the sensitivity and specificity of traditional 

probe capable of hybridizing with the amplified nucleic procedures. 
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Koatine ethical use of DNA probes for the diagnosis 
of infectious diseases would be simplified considerably 
if aonraeioactrvely labeled probe? could be employed as 
described in EP 3,879 to Ward. In shisprocednWiiotm- 
contahsing ON A probes are detected by chromogenic 5 
enzymes linked to avidtn or biotin-speeilk: antibodies. 
'Phis type of detection is convenient, but relatively in- 
sensitive. The eoinhttiation of specific DNA amplifica- 
tion by the present method and the use of stably labeled 
probes could provide the convenience and sensitivity ;o 
required to make the Fcikow and Ward procedures 
aaefui is- a remise clinical setting. 

A specific use of the amplification technology for 
detecting or monitoring for the AIDS virus is described 
in copending U.S. Ser. No. 818,127 Sled Jan. 10, VMS, 35 
the disclosure of which is incorporated herein by refer- 
eoce, Briefly, she amplification and detection process is 
used with primers and probes which are designed 10 
amplify and detect, respectively, nucleic acid sequences 
winch are substantially conserved anions the aucieic 20 
acids in AIDS virvs.es and specific to the nucleic acids 
in AiDS vtrases. Thus, the sequence to be detected 
must be sufficiently complementary to the nucleic acids 
m AIDS viruses to initiate polymerization, preferably at 
scorn temperature, in the presence of -he enzyme and j« 
nucleoside triphosphates, 

til addition, the probe may be a biotinyiated probe in 
which the biotas is attached to a spacer arm of the for- 
mula: 



if for solids and by volume if for liquids, unless other- 
wise noted, and ail temperatures are it) degrees Celsius 
unless otherwise noted. 

EXAMPLE 1 

I. Sytttis.es.is of the Primers 
The following two Oligonucleotide primers were 
prepared by the method described below: 



—CHjCHj-'S— 



where 1' is O, NH or N-CHO, x is a number Irons 1 
4, and y is a number from 2 to 4, The spacer arm is 
turn attached to a psoralen moiety of the formula: 



The psoralen moiety intercalates into and crosslinks 3 
"gapped circle" probe as described by Courage -Teh-he 
et 'si., BiocbJas, Biophys. Acta, 69? 1--5- wherein 
the siagie-stxaaded hybridisation region of the gapped 
circle spans the region contained its the primers. Die 
details of this bioSinyiatkm and do- blot procedure are 
described mors fully in commonly assigned U.S, Pat 
No. 4,582,789 issued Aor. 5. 19U and U.S. Pat No, 
4,6.17,261 issued Oct 14, m6, the disclosures of wJsiclt 
are incorporated herein by reference. 

The .amplification process can also be utilized to pro- 
duce sufficient quantities of DNA from a single copy 
hauaaa gene such that detection by a simple non-specific 
DNA. stain such as eihldium bromide cats be employed 
to diagnose DNA directly, > 

In addition re detecting infectious diseases and patho- 
logical abnormalities In the genome of organisms, the 
process herein can also be used to detect DNA poly- 
morphism that may aot be associated with arty patho- 



logical stare 
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r. In these examples ail per- 



tuples are offered by way of ilius- 
irfeby weight 



These primers, both 20-mers, anneal to opposite 
strands of the genomic DNA. with their 5' ends sepa- 
rated by a distance of 1 10 base pairs. 

A. Automated Synthesis Procedures: The diethyi- 
phosphoranudiies. synthesized accorditsg to Beaucage 
and Caruthers {Tetrahedron Lusters (1981) 
22:lSS9~iS<s2} were sequentially condensed to a nucleo- 
side derivatized controlled pore glass support using a 
Biosearch SAM-i. The procedure included detrityla- 
tloii with trichloroacetic: acid in dichiororrsethane, con- 
densation using bensoiriazcle as activating proton do- 
nor, and capping with acetic anhydride and clhne- 
tbyiarainopyridine in tetrabydrofuran and pyridine. 
Cycle time was approximately 30 minutes. Ylekis at 

:> each step were essentially quantitative and were deter- 
mined by collection and spectroscopic examination of 
the dimethoxyirityl alcohol released during detntyfa- 

B. Oligodeoxyribosiueleoside Deproteetion and Fnri- 
5 fseation Procedures; The solid support was removed 

from the column aad exposed to 1 mi concentrated 
ammonium hydroxide at room temperature for four 
hours in a closed tube. The support was then removed 
by filtration and the solution containing the partially 

' protected oiigodeosyiiuclecslde was brought to ?S % C 
for fi ve hours. Ammonia - was -removed and. the residue 
was applied to a preparative polyacryktntde gel. Elec- 
trophoresis was carried out at 30 volts/csn for 90 rnhv 

5 ates. after which the band .containing the product was 
identified by UV shadowing of a fluorescent plate, The 
band was excised and eiuted with 1 ml distilled water 
overnight at 4" C. This solution was applied to an Ai- 
tech RP18 column and eiuted with a f~\2% gradient of 

) aceioshtriSe in 1% ammonium acetate bufferat pH 6.0. 
The eiution was monitored by UV absorbance a; 260 
am and the appropriate fraction collected, .qaartdtated 
by UV absorbance in a feed volume and evaporated to 
dryness at room temperature in a vacuum centrifuge. 

5 C. Characterization of Oligodeoxyricoaueieoskles; 
Test aliquots of the purified oligonucleotides were 52 P 
labeled with polynucleosis© kirsase arid y- ;!J P- ATP, The 
labeled compounds were examined by autoradiography 

, of 14-20% polyacrj-iamide gets after electrophoresis for 
45 -minutes at 50 volts/cm. This procedure verifies the 
molecular weight. Base composition was determined by 
digestion of the oligodeo.tyr.borsaeleoside to nucleo- 
sides by use of venom diesterase and bacterial alkaline 

; phosphatase asscl subsequent separadon :md quantitation 
of the derived nucleosides using a reverse phase HPL.C 
column and a 10% acetonitrsle, 1% asnrnotsiusn acetate 
mobile plsnse. 
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c DNA from Ceii Line 



High molecular weight genomic DNA was isolated 
from a T cell line. Malt I, homozygous for norma] 
£-g;obin available from ;,he Human Oetieiic Mutaa! 
Call Depository, Camden, NJ as OM2219C using es&cn- 
tisily the Method- of Maniatis at: al, supra, p. 23G-28L 



Polymerase From Th& 



HI. ihrrifscatt 



Thmnm aquatiats strain YT1, available without re- 
r-trtction from she American Tvwe Culture CoUection, 
1230! Fs«rk.1awn Drive, RcckvLUe, MD, as ATCC No. 
£3. i0~ was grown is flasks in th« following medium: 



Cskism C&SotbSi 
Yeast Essfsa""" 



(The pH was pasted 8.0 prior to autooiaving.) 

A SO-Hter fennentor was inoculated from a seed flask 
cultured ovemigas in the above medium at 70" C. A 
total of 600 ml from ;he seed flask was used to inoculate 
10 liters of the same medium. The pH was eoatroiled at 
?.0 with aaifuojjiam hydroxide with the dissolved oxy- 
gen at 40%, with dse temperature at 70* C f and with the 
stirring: rate at: 400 rpm. 

After growth of the ceils, they were purified using 
the protocol (with slight modification) of Kaiedin et a!., 
supra, through she first five stages and using a different 
protocol for the sixth stage. Ail six Steps were con- 
ducted at. 4° C. The rate of fractionation on columns 
w;:» 0.5 columns/hour and the volumes of gradients 
during elation were 10 column volumes. An alternative 
and preferred purification protocol is described in Gel- 
faad et si, U.S. Pat. No. 4,889,8 IS, entitled "Purified 
Thermostable Enzyme", the entire disclosure of winch 
is incorporated herein by reference. 

Briefly, the shove culture of the T. aquatic*®- ceils 
was harvested by centrifugation after nine hours of 
cultivation:, its late log phase, at a cell density of 1.4 g 
dry weigh t/L Twenty grams of cells were -resastJeaded 
in 80 ml of 3. buffer consisting of 50 mM Tris.HC! pH 
7.5, 0.1 mM EDTA. Cells were lysed and the lysate was 
cenirifuged for two hours, at 15.000 rpm in a Beckman 
VI 45 rotor at 4" C. The supernatant was collected 
(fraction A) and the protein fraction precipitating be- 
tween 46 and 75% saturation of aauaoniura sulfate was 
collected, dissolved in a buffer consisting of 0.2 M po- 
tassium, phosphate buffer, pH 6.5, 10 mM. 2-m.ercaptoe- 
thanol, and 5% glycerine, and ffaaliy dialed against 
ilse same buffer to yield fraction 8. 

Fraction B was applied to a 2.2x3C-csn column of . 
DEAEcellulose, equilibrated with the above described 
buffer. The column was; then washed with the same 
buffer and the fractions containing protein {determined 
by afcsorbanee at 280 am) were collected. The com- 
btned protein fraction was diaiy;;ed against a second : 
buffer, containing 0.01 M potassium, phosphate butler, 
pM 7.5, 10 mM 2mercaptoeihniioi, and 5% -glycerine, to 
yield fraction C. 



Fraction C was applied to a 2.6x21-t;m column of 
hydroxyapatite, equilibrated with a second buffer. The 
column was then washed and the .enzyme was eiuted 
with a linear gradient of 0.G1-0.5 M. potassium phos- 

> phate buffer, pH 7.5, containing iO mM 2-mercapioe- 
thanol and 5% givcerlnc. Fractions containing DNA 
polymerase activity. (90-1 80 mM. potassium, phosphate) 
were combined, concentrated four-fold using an Ami- 
con stirred ceil and YM.10 membrane, and dialyzed 

0 against the second buffer to yield fraction D. 

Fraction D was applied so a L6x.28-crss column of 
DEAEceihiiose, equilibrated with tiie second buffer. 
The column was washed aad the polymerase was eiuted 
with a linear gradient of 0.01-G.5 M potassium phos- 

S phate in the second buffer. The fraoido.ns were assayed 
for contaminating endonuoloasei's.! and ejiotmcleasefs) 
by eieetrophorericalty detecting the change in moleeu- 
iar weight of phage k DNA or supereonad piasmid 
DNA after incubation wish an excess of DNA poiymer- 

o ase (for endomtcleasie} and after treatment with a re- 
striction enzyme that cleaves the DNA into several 
fragments (for exonucleasc). Only th<sse DNA polymer- 
ase fractions (65-95 mM potassium phosphate.? having 
anninjal nuciease contamination were pooled. To tise 

3 pool was added autoelaved gelatin in an amount of 250 
ng/nii, and dialysiis was conducted against the second 
buffer to yield Fraction E. 

Fraction E was applied to ss phosphoccOulose column 
ami ehited with a 100 ml gradient (0.01.-0,4 M KCl 

S gradient in 20 mM potiisstaxn phosphate buffer pB 7.5). 
The fractions were assayed for eomarshnadug endo/ex- 
onucleaseCs) as described above as wed as for polymer- 
ase activity (by the snethod of Kaiedin et al) and then 
-pooled. TJte pooled fractions were dialysed against the 

•< second btiffer, iheti concentrated by tlialysis againsi 
50% glycerine and the second buffer. 

lite molecular weight of the polymerase was deter- 
mined by SOS PAGE. Marker proteins (Bio-Rad low 
moiecuiat weiglst standards) were uhosphotyiase B 

,i (92,500), bovine serum albumin (66,200), ovalbumin 
(45,000), carbonic stnhydrase (31,000), soybean trypsin 
inhibitor (21,500), arid iysosyme (14,400). 

Preliminary data suggest that the nolvmerase has a 
moiecnlar weight of about S6,0®-$a00h daltcnis, n«;t 

5 62,000-63,000 daHons reptined in the iiieratisrs (e.g., by 
Kaiedin et ai,). 

The polymerase w;ts incubated in 50 of mixture 
containing 25 mM Tris-HC; pH 6.4 and pH 8.0, 0.1 M 
KC1, 10 »M MgC5 2 , 1 mM a-mercaptoethanol, 10 

.» nmoles each of dGTP, dA.TP. and TTP, ;md 0.5 uCi 
( 3 H) dCTP, S fig "activated" calf thymus DNA, and 
0.5-5 units of she polymerase. "Activated" DNA Is a 
native preparation of DNA afier partial hydrolysis with 
DNase I until $% of the DNA was transferred to the 

> acid-soluble fraction. The reaction was conducted at 
70" C. for .30 minutes, and stopped hy adding 30 ul of a 
saturated aqueous solution of sodium pyroohosohase 
containing 0.125 M EDTA-Na; Samples were' pro- 
cessed and activity was determined as described by 

} Kaiedin et ai., supra. 

The results showed that at pH 6.4 the polymerase was 
more thats one-half as active as at pH S.0, In contrast, 
Kaiedin et ai. found that at pH about 7.0, the ens:yuie 
therein had 8% of the activity at pH 8.3. Therefore, the 
•• pH profile for the instant thesxnostable snr.yme is 
broader that! that for the Kaiedin et al. enxyme. 

Finally, when only one .or more nucleoside triphos- 
phates were eliminated from .-• DNA polymerase assay 
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reaction nuxtnre, very Utile, if any, activity was 
served using the eazyase herein, which activity > 
consistent with the expected value and with an arm 
exhibiting high fidelity. In contrast the activity ob- 
tained using she Kaladin el ai. {supra) enzyme is not S 
consistent with the expected value, and suggests wiisin- 
corpomioa of nucleoside tripliospfaateCs), 

IV. Ampliik-ation Reaction 

One microgram of the genomic DNA described 10 
above was diluted in an initial 100 u.l aqueous reaction 
volitate containing 25 siM Tris.HCi buffer ipH S.frt, 50 
mM KCI, 10 mk MgClj, $ mM dithierttreitoh 200 
.tig/mi gelatin, 1 of primer PC03, 1 jtM of primer 
PC*, l: mM dATP, 1 .5 mM dCI'P, 1.5 mM dGTP and 55 
1.5 mM TTP. The sample was heated lor 10 minutes at 
98" C. to denature the genomic DNA, then cooled to 
room temperature. Four microliters of the polymerase 
from Thi'rtrws aquaiktis was added to the reaction mix- 
ture and overlaid with a 100 ui mineral oil cap. The 20 
sample was dies placed hi the atammsra 'seating block 
o !> she heard handling snd heating it'-txunient described 
us copending U.S. Application Scr. No. 333,368 filed 
Feb, 25. 1-3S6. the disclosure of which is ncorporated 
■taw by reference. 25 

The DNA. sample underwent 20 cycles of ampiifica- 
dor- In the machine, repeating the following program 



(Dh 



tmg t; 



'* C. to 98" C. in iteatmg bl 
tea., sad 



(2) cooling from 98" C. to 3?'" 1 £. over a period of 
three minuses to allow the primers and DNA to anneal. 

After the las* cycle, the satnpie was incubated for an 
additions! 10 minutes at 55"' C. to complete the final 
etetensioa 3 

V. Synthesis and Phosphorylation of 
Ohgodeoxyribonueleossde Probes 
A labeled DNA probe, designated RSm, of she fol- 
lowing sequence was prepared: 4 



latiofj of the reaction product indicated that for RS24 
the Specific activity was 4.3 vCi/pmole and the flaal 
concentration was 0,1.18 pmole/jul 

VI. Dot Blot: Hybridisations 
Four microliters of the amplified sample from Section 
IV and 3.6 pi of appropriate dilations of £~giobirj pias- 
mid DNA calculated to represent amplification efficien- 
cies of 70, 75, 80, 85, 90, 95 and 100% were dilated with 
i 200 }d OA N NaGH, 25 mM EDTA and spotted onto s 
Gsnatran 45 (Fiasco) nyion filter by first wetting Site- 
filter with water, placing it in a Bio- Do? (Bio-Rad, 
Richmond, CA> apparatus for preparing dot blots 
which holds the filters in place, applying tiie samples, 
and rinsing each well with 0.1 mi of 20XSSPE (J.t> M 
NaCl, 200 tnM NaH->PO„. snaM EDTA;. as disclosed 
by Reed and Mann. Nucleic Adds .Research. 13, 
7202-7221 f ' 985). The .filters were then removed, rinsed 
in 20XSSPE, and baked for 30 mmnies at 80 s C. in a 

After baking, each filter was then contacted with 16 
mi of a hybridization solution consisting of 3XS.SPE, 
SxDeukardtX solution ( 1 X --0.02% nolwmyisvrxoli- 
done, 0.02% Ficoii. 0.02% bovine scrW albamfcv 0.2 
25 mM Tris. 0.2 n;M EDTA. pH 8.0). 0.5% SDS and 30% 
formamide. and incttbated for two hours at 42° C. Then 
i ?. pmoie of probe RS?4 was added ro the hybridization 
solution and the filter was incubated for twx> misutes at 
f 42' C. 

JO Finally, eaci: hybridised filter was washed twice with 
100 ml of 2XSSPE and 0.1% SDS for 10 minutes at 
room temoeratiire. Then the filters were treated once 
with 100 m) of 2XSSPK, 0A% SDS ax 60 l C. for 10 



Each filter was thee act.oradiograp.her: 
tsal readily apparem after two hours. 



■•tth t 



VII. Discussioc of Autoradiogrsni 
lu-oradiogratn of the dot hiots svas analyzed 
o hours and compared if; intensity to standard 



wb.ere * inafcar.es tise label. This probe is 40 bases long, 
spans the fourth ibrotigh seventeentli codons of the 
gene, aad is eorriplemaatary to the aorrtsal ,6-giobirs 
allele y3-- J ). The schematic diagram of priruers aiid 
probes is given beicw 




KSs 8524 

This prtshe was synthesized according to the proee- S 
clutes described in Seetioa I of Example I. The probe 
was labeled by contacting 20 pmole thereof with 4 units 
of T4 polynsjckoside kinase (New England Biolabs) 
and about 40 pmoie y--' ? P-Al"P (New Bnglsnd Nuclear, 
about 7000 O/mmoie) ta a 40 til reaction voJome-coa- « 
taming 70 mM Tris buffer (pH 7.6), 10 t»M MgC'a ..j 
mM spenmtie, aad 10 mM dithiolhreitoi for 60 snitnites 
at 37" C. The tolai voUsote was thet- adjusted to ItX) p.i 
with 25 niM EDTA and purified according so tiie pro- 
cedure of Maniaris et al., Molecular Cloning (1982), 6 
ao6--467 over a mi Bio Gel P-4 (BioRad) spin dialysis 
coinmn eoailibratsd with Tris- EDTA (TE'5 buffer (10 
mM Tris buffer, 0.5 mM EDTA, pH 8.0). TCA precipi- 



serkl diivition ^-globia reconstntsttons prepared with. 
Haelif/Mael-digested pBR.SA, where BA is the wild- 
type allele, as described i« Saiki et ah, Science!, supra. 
Analysis of the reaction psoduot indicated thai the over- 
ail amplification efficiency was about 95%, correspond- 
ing to a fj30,000-foid increase in the ^-gtobiu target 
sequence. 

EXAMPLE O 1 Amplification Reaction 
Two 1 jig samples of genomic DNA extracted from 
the Molt 4 cell line as described in Example I were each 
diluted iii a 100 ,ui reaction volume containing 50 mM 
KC1, 25 mM Tris.HCi buffer pH S-0. 10 mM MgO?^ < 
iiM of primer PCOj ; sM of primer PCX\ j«j ag/mi 
geiatia. 10% dimetttYlsalfeside f>v volume), and 1.5 
saM each of dATP, dCTP, dGTP atsd TTP. After this 
mixture was heated for 18 -minutes at 98* C. to denature 
the genomic DNA, the samples were cooled to room 
temperature and 4 ul of the polymerase from Thermus 
aquatkus described ta Example 1 was added to each 
sample. The samples were overlaid with mrneral osi to 
preveat condestsatiort asid evaptsradve loss. 
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Due of the samples was placed m the heating block of 
the tuaehine described in Example 1 and subjected to 25 
cycles of ampliftcatioa, repealing toe following pro- 

(2) cooling frora 915* C. to 37" C over a period of 
Slow the prxraers and D.N A to atsaeal., 



(3) majatsbiag. at 3T €, for two 
After the last cycle the .sample w 
additional 10 aiuaites st 60° C to 



is incubated for aa 
complete the fnial 



'Hie second sample was placed in the heat-conducting 
container of the machine* described, its more detail ia ^ 
copending U.S. patent application Ser. No. 399,061 filed 
A.tsg. 22, 19S6. Use heat-coaduefciag container is at- 
■ached to Peltier heat pumps which adjust the tempera- 
ture upwards or downwards and a microprocessor coa- 
•rol'er to control automatically the amplification se- ^ 
queries, the temperature levels, the temperature rasap- 
tag aad the inning of the temperature. The seeoud sam- 
ple was subjected to 23 cycles of amplification, repeat- 
ing the foiiowasg program cycle: (1) heating irotn 3? to 
95'' C> over a period of three annates; (2) maintaining at 
§5* -G. fer Si minutes to allow den&tnr&tkm. to occur; 

ate; (4) maintaining at. 37" C. for one minute. 
II. Analysis 



agarose gel analysis. 

For the dot blot analysis, a labeled DNA probe, des- 
ignated of the following sequence was prepared. 



\v::AAOTCTGC-.V(RS!S') 



where * indicates the label, litis probe is lv bases Song, 
spans the fenrrh tliroagh seventeenth ccdoas of the 
gene, aad is eomplemeatary to the normal ; u-giohm ■ 
allele (jiA). The schematic diagram of primers aad 



KX8 R858 ?C04 

This probe was synthesised aecordtag to she proce- 
dures described ia Sectsots i of Exatapie i. The probe 5 
was labeled by eoniac&tig 10 pmole thereof with 4 us;its 
of T4 polyuucieotide kisjisc (New England BiolabsO and 
about 40 paiole y-^e-ATP {New England Nuclear, 
about 7000 Ci/armoie) ia a 40 id reaction volume con- 
taining 70 raM Tris.HCi buffer (pH 7.6), 10 mM MgCI* 3 
■ raM soerasiae aad 10 mM dithiothrehoi for 60 inm- 
ates at 37' CI Use total volume was then adjusted to 100 
ui with 23 aiM EDTA aad purified according to the 
croecdiire of Maniatts ei ai., sacra, p. 466-467 over a 1 
ml Bio Gel F-4 fBioK.ad) spin dialysis column eouili- « 
braied with Tris-EDTA (TE) buffer HO mM Tris.HCi 
buffer, 0.1 «iM EDTA, pH 8.0). TCA precipitation of 
die reaction product indicated that for R3i;-; the specific 
activity was 4,6 tiCv'art-oie atid the ibial coacctitration 
was 0. 114 pmole/uX 5 

Five microliters of the amplified sataple from Section 
s aad of a sample asapiifted as described aixsve except 
nsiag the KJea-ow fragsiers?. of £ con DMA Polymerase 



188 

32 

I instead of the thermostable enzyme were dikueci with 
195 ixl OA N NaOH, 23 raM EDTA aad spotted onto 
two replicate Genatran 45 (Fiasco) nyloa filters by. first 
wetriog the lilters wish water, piacing ths.*a is; a Bio- 
Dot (Bio-Rad. Richmond, CA) apparatus for preparing 
dot bioto which ht)k!s the Miters, m place, applyiag the 
sanaties, a«d rittsiaf; each weli with 0.4 Mi of .5Dx SSP.lv. 
(3.ts M NaCI, TOO'tnM NaHjPO,;, 20- mM aad Maati, 
supra. The filters were ther> removefi, rinsed in 
20XSSPE. and baked for 30 trntnitcs at 80' C. is; a 
vacuum overt. 

After hakiag, each filter was then ccsatscted with <3 nai 
of a hyhridixanoa soiu-ion conststiag of S..- SSPF.. 
SxDeatodt's .solution (lx**Q.0Z% polyviaylpyrroli- 
doae, f!.02<%> Ficoll, Q.02% hc<\dne serum alb-arha, 0.2 
ajM Ttis, 0,2 mM EDTA, pH 8.0) aad 0.5% SDS, .aad 
tnciibated for 60 rairrates at 55° C Thea 5 id of probe 
RS1S was added to the hybridisatiost solutioa aad the 
filter was incubated for 60 adasaes at 55° C- 

Finally, each -hybridised filter was washed twice with 
100 ml of 2XSSPE aad 0.1% SDS for SO jniaures at 
roosa tcsaperature. Thes- the iihers were treated twice 
more with 100 sal oFSxSSPE, Q.1% SDS at SO" C. for 
1) one minute and 2) three miames, respecdvely. 

Each filter was thm aatoradtogjaphed. with the sig- 
aal readily apparent after 90 sainiites. 

la tSie agarose gei analysis. S id each amphficatior: 
reactioa was loaded onto 4% NuSieve/0.5% agarose 
gei. in 1 X THE buffer (0.089 M Tris, 0.089 M boric add, 
and 2 n;M HDTA) and e!ectrophor<fs<rd for 60 .autuaes 
at iOf) V. After- staiaiag witb ctfiidiasts bvornide, DNA 
was visualized by UV fluoresceuce. 

The results show rhai the machines, used is; K>:ampie 
I aad this; example were -equally effective ia aasphfying 
die DKA, showing discrete lagh-intensity ; .KS-haiw pair 
baada of similar irs tensity, correspostdiag to the desked 
sequence, as well as a few other discrete bands of much 
lower iateasity. ft! contrast, the atapiificatioa method as 
described in Exasaple I of copessding U.S. patent appli- 
cation Ser. No. 839,331 filed Mar. 13. 1986, supra, 
which involves reagent transfer after each cycle using, 
the Kiatiow fragraeat of E. con Polymerase 1, gave a 
DNA smaar resulting from the non-specific ampSfica- 
iion of many unrelated DNA sequences. 

It is expected that sitailar improveajents at amplifica- 
ikm aad dniactiort would i)e achieved ia evaluatttsK 
HT. A-DQ, DR and DP -regions. 

If in the above experiments the artspiirlcatio.') rcacrioa 
buffer contaisss 2 raM MgClj inatead of 10 mM MgCh 
aad 150-7.00 p.M of T ansi if t.he k;wer each nueieotide 
rathe;' than 1 .5 taM of each, temperature of 37" C. is 
rais;ed to 45-SS'' C. daring ampiifscados;, better specific- 
ity and efficiency srf smpiificaitcir. occars. Also. DMSO 
was found not necessary or preferred for amplification. 

EXAMPLE 01 
Amplification and Cloning 
For amplification of a ! ; 3-basc pair fragment ok the 
human a.-glebia geae, a festal of i niicrograta each of 
hunsan genomic DMA isolated from the Molt 4 ceil Line 
or from the GM2064 cell !iae frspreseating a homozy- 
gous deletion of the ,3- aad ,S-aeajojjk"<bir. segitm and 
available front the Hiar!,ai Genetic Mutant Cell Deposi- 
tory., Camden. N.T) as described above was amplified is; 
a 10*3 jiil reactioa volume con'aining 50 raM K.CL 25 
mM 1 ns.HCi pH 8, 10 mM MgC'j, jco ug/mi gelatin, 5 



jnM 2-taercaptoetJaaaol. 1.5 mM each of dATP, dCTP, 
TTP. sad dGTP, and 1 u.M of each of the following 



where lower ease letters denote mismatches from wild- 
type sequence to create restriction enzyme sites. GH1S 
js a 26-base oligonucleotide complementary to the nega- 
tive strand sad contains aa iatetaai PstI site. GH19 is a 
2v-ha.se oligonucleotide complementary io the pi its 
strand and contains ats internal Hiadlll recognition 
sequence. These primers were selected by first screen- 
ing the regions of the gens for homology to the PstI and 
HindHI restriction sites. The primers were then pre- 
pared as described m Example I. 

The above reaction mixtures were heated for 10 ruin- 
ates st 5' C. and thsa cooled to room teraperraiare, A 
■total of 4 si i of the polymerase described in Example I , 
was added to each reaction taixture^ and then each ' 

mixtures were subjected to 30 cycles of amplification 
with the following program: 
2.5 ami. ramp. 3? to 98' C 

3 sain, ramp, 9$ to 3?" C * 
2 mio. soak, 37* C 

After the last cycle, the reaction mixtures were incu- 
bated for 20 minutes at 65" C. to complete the final 
extension. The mineral oil was extracted with chloro- 
form and the mixtures- were stored a!: —20" C 

A total of 10 jil.of the amplified product was digested 
with 0,5 u,g Ml3atpi0 cloning vector, which is -publicly 
available from Beehriager-MarmheHn. ia a 50 pi vol- 
ume containing 50 oM NaCi, 10 mM Tris.HCI, oH 7.8, 
10 mM MgClj, jo units Psti and 26 amis Hiadlll for SO ■ 
rainates at 37* C The reaction was stooped bv freezing 
at -2<T C. The volume was adjusted to i 10 ul with TE 
buffer aad loaded (100 at) onto a 1 ail BioGrf 1M spin 
dialysis column. One 0.1 asl fraction was collected and 
ethaaol precipitated, *■ 

(At this point it was discovered that there was a.- 
globia amplification product ia the GM2064 sample; 
Subsequent experiments traced the soasce of contann- 
aatton to the priaters, either GHIS or GH19. Because 
ao other source of printers was available, the expert- i 
mens was continued with the mtderstaadtag that soate 
cloned sequences would be derived front the contami- 
nating ONA in the primers.) 

The. -stbanol pellet was resnspsnded ia. 15 fd water, 
that adjusted to 20 u.\ volume eontaiaiag 50 mM 2 
Tris.HCl t)H 7.S, 10 mM M«Cb, O.S mM ATP, 10 tnM 
dithicthreitol, and 400 units Ugase. [One unit is the 
amount: of saw. regained to give 50% ligation of 
HindHI digested "XDNA in 20 minutes at W C. ia 20 
adst a 5' termini concentration of 0.12 .mM (about 330 5 
.tig/mi}?, This snistttj-e was incubated for three hoars at 
iff €.. 

Ten mieroKters of ligation reaction mixture contain- 
ing Molt digested M>lSfA was transformed into & cofi 
straia JMI03 competent cells, which are pnbiicly avail- t 
able from BEL in Bethesda. MD. The procedure fol- 
lowed for pretsarinij the transformed strait! is described 
in Massing, J." mil) Third Cleveland Symposium on 
Muoromoleeuios:RecoTnbinant DNA, ed. .4. Walton, 
Elsevier, Amsterdam, 143-163. A total of 651 ■colorless 6 
placates (and 0 blae niaquas) were obtained. Of these, 
119 "had a ( 4- )strand" insert (18%) and 19 had. a {--}- 
strand insert- (3%).. litis is a n increase of almost 20-fold 
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over the- pereeatage of a-giobitt positive plaques -among 
the primer- positive plaques from the amplification tech- 
aiqae using KSenow fragtrseai of £. it?/f Poiyaterase 1, 
where the reaction proceeded for two miantes st 2S" C , 
after which tie steps of heating to 100* C, for two min- 
utes, cooiiag, adding KJeaow fragment, aad reacting 
were repeated nine ttme-. 'Htese resaiis v.orrua- the 
improved specifi<;ity of the amplification reaetion eta- 
ploy sag the thenaosiable enstya-e isereat, 

1st a later cloning experimeai with GM2064 and the 
contaminated primers, 43 oat of 5*0 colorless piaqnes 
(8%) had the strand insert, litis s-uggests that ap- 
proximately one-half of the 119 clones front Molt 4 
contain the contaminant 'Sequence. 

Ten of the i-4-)~ strand clones from Molt 4 were se- 
quenced. Five were norasaJ wild-type sequence aad five 
had a single C to T mutation in the third position of the 
second codon of the gene (CAC to CAT), Four of the 
■contaminant clones from GM2064 were sequenced and 
ail four-were normal 

Restriction site-modified primers may also bs ased to 
amplify and done aad partially sequence the hunsaa 
N-ras oncogene and to clone sestTaent.s of the HLA 
DQ-a, OQ-B sad geiies using the above tech- 

nique. 

Again, if tJse concentrations ot'MgGl; and nucleotides 
are reduced to 2 raM aad 130-200 uM, respectively, 
and the minimum cycling temperature is increased from 
>T C. to 45-58* C, the specificity aad c-fftciettcy of the 
amplification reaction can be increased. 

EXAMPLE IV 

cDNA was made from .1 jig of rabbit rericniocyte 
taRNA (Bethescia Research Laborator.es) in a 100 ni 
reaction voiama containing 150 mM KCL 50 mM 
Tris.HCI fpH S.3). 10 mM MgCh ^ mM DTT, 0.5 mM 
dATP, 0.5 mM dCTP. 0.5 atMTTF, 0.3 m.M dGTP, 0.2 
(tZ oligo(dT)!2iS (Phttnaaoia). 40 units RNasin 
(Promega Biotec), aad 5 unit* AMV reverse transcrip- 
tase (BRL) and inenhatsd for 30 nsismtes at 42* C. Tfee 
reaetioa was stopped by ■ heating for 10 minutes at -95* C. 
Two fig RNase A was added to the sample {2 td of a 2 
mpt/ml solntion in water) and incubated for 1:0 .minutes 
.at"37*C. 

Three ampiiikarioa reactions were done with the 
Kleaow fragment using, different pairs of primers. The 
primer pair PC03/PC04 define a I iO-bp prod-act. Th« 
primer pair RS4.s/oligot'dT)23--30 define an about 370- 
bp aroduct, and the printer oair PCO3/oligo{dT!2.5~30 
an about 600-bp product. PCO3 PC04, and RS*j are 
coajpiemeutary to the human ( u.-giobm gene and each 
has -wo mismatches with the rabbit gene, VCQ3 anti 
PC04 art; described m Hstsmriia 1. RS^s has the se- 
quence: S " ' C A AG A AG GTGCT A GGTG CC- 3" . 

The tm^lin^am <-eacuons vs.-. r ^'f >r "-„ v<*h 
l/20th (5 /jlI of the cDHA described above in a 500 f ;.l 
reaction volume; containing 30 raM Nad, 10 a-M 
TrisJICl (pH 7.6), 10 mM MsCi? » an/ml gelatin, 
10% DMSO, I u.M PC03 ox RS^ s ,a.M PC04 or oli- 
go(dT)25-30, l.S asM dATP, 1.5 mM dCTP, S.S mM 
TTP and 1.5 mM dGTP. The samples were heated for 
five minutes at 98" CU taeu cooled to room temperature 
aad overlayed with 100 n>! mxaeral oil 

The samples were subjected to 10 cycles of auto- 
mated amplification using the machine described in 
Example I aad nsiag the following prograau 
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(1) beating from 3?" C. ;:o 98* C, in a heating block 
over 2.5 ntraates (dermisae); 

(anneal); 

(3) adding t unit KJenow fragment, and 5 
(4} maintaining at 37" C. for 2!) •niiius.es (extend). 
The- final volume of each sample was about 140 pi. 
One-twcBtierb (7 ui) of each sample was analyzed by 

electrophoresis on a 2% agarose gei> After staimtig with 
ethsdium bromide, discrete bands were seett 3ft the iO 
PC03/PC04 and RS«/oiigo(dT) samples. The sises of 
the bands were consistent with die expected lengths: 
1 10-bp fo* the former, about 3?0-bp for fee latter, No 
evidence of amplification of an about 600-bp fragment 
with ;ke PCOS/oiigsXdT) primer pair was observed. iS 

The contents of tfee gel wets Southern felotfed Onto a 
Genatran nylon membrane and hybridised with a rrick- 
iransiated human Sgiohin probe, pBR328:betaA. de- 
scribed in Saiki si ah, Science, supra, using standard 
techniques. The resulting antoradiogram as tended the 20 
conclusions reached previously - the 510 and about 
3?0~bp fraarneuis were u-globm specific amplification 
products and no significant amplification of the about. 
oOiHsp band was detected. 

Three additional samples were amplified with the 2f 
Taq polymerase obtained as described above using the 
same primer pairs described previously. Five microliter 
nortions of oDNA were amplified its 100 u.1 reaction 
volumes containing .50 r«M K.O, 25 mM Tris.HCl <pR 
8.0), 10 mM MftCiz, 2 eo juAnl gelatin, 10% DMSO, I 30 
fi .tt PC03 or RS«, $ «iM PC04 or oliKo-(dT>25-30. 1.5 
mM dATP, 1.3 mM dCTP, 1,5 mM TTP ajid 1.5 mM 
dOTP. The samples were heated for live minutes at 98° 
€., then cooled to room te-aperainre. One microliter of 
la« polymerase <i/$ dilation- of lor. 2s was addec to 35 
each and overiayed with about -Of? j:;.! mineral oil 

The samples ware subjected to $> cycles of amplifica- 
tion tti the Pettier device described in the previous ex- 
ample using the followfcg program: 

(2) 12 ami., 60 to 70' C, ramp (extend); 
i 3) 1 mm., 70-55* C, rasas (denature): 

(4) 30 sec., §5* C. soak; 

(3) 1 snm., 95 to .35* C. ramp (anaeai); and 
i.6) 30 sec., 35" C, soak, 45 
After the iast cycle, the samples were incubated an 

additional 10 miautes at 70" C to complete the iraal 
(10th cycle) extension-. The frnai volume of each was 
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As before, 1/20:1; (10 ;ri) of each sample was ana- 5C 
lymd on a agarose gel. In this gei, amplification prod- 
ucts were present in ;sii three samples; HQ-bp tor 
PO03/PCO4, about 370-bp for R&A/olitsofdT!, and 
about 608-bp for PC03/oiigo<dT}. These results were 
confirmed by Southern transfer and hybridisation with 
the pBR32H:beiaA probe. 

The production of toe 600-bp product with Taq poly- 
aserase bnt Tier with the Klenow fragment is significant, 
and suggests that Taq poiyn-serase is capable of produc- 
ing longer DNA rhas the Klenow fragsnent. $C 

EXAMPLE V 
The Taq polymerase purified as described as Example 
VI of U.S. Fat No, 4 t SS9 : S18, supra, was diluted ia a 
butler described in that same copending U.S. applica- 65 

A reaction buffer was then prepared containing 50 
rnM KG, 10 mM Tris-Ci, pH 8.3, 1.5 mM MgCi>, 



0.01% (w/v) gelatin, 200 tiM each dNTF, ; uM each of 
the ptrniers that define a 500 base pair target sequence 
on a control template from bacteriophage A, and 2.0-2,5 
anits Taq polymerasa/assay ia a -final volume of -100 pi. 
Template was added to the reaction buffer, th-t sample 
placed in a 0.5 ml polypropyJeae tube, and the sample 
topped with 500 of heavy white saiaersl oil to pre- 
vent evaporation. [One unit of enzyme activity is de- 
fined as the amount of enzyme that wiil incorporate !0 
nmoias ofdNTPs into acidmsolttble material in 30 min- 
utes at 74" C. EtJ2vme aciivitv was assaved asms; the 
conditions of 25 mM TAFS-Ci pH 9.3, 50 mM 5CC5, 2 
mM MgCi2, s ntM /3-mercaatoetiianol, 200 pM eaob 
dATP, dOTP, and ITP, 100 u.M dCTP teas cold and 
[ci-321*J), 250 ftg activated salmon sperm .DNA, in final 
volume of 50 ul. i 

At least a ifa-kM ampiifcatios was achieved when 
the following cycling cosditioss wore employed, using 
1 ag of control template (bacteriophage X JDNA) where 
the target sequence represented approximately 1% of 
the starting mass of DNA., 

First the template mixture was denatured for one 
minute, 30 seconds at 94" C. by placing tie tube in a 
heat bath, Then the tube was placed in a heat, bath as 37* 
C for two minutes.. Then the tube was placed in a beat 
bath at 72° C. for fhree minutes, and then ia the heat 
bath at 94" Q, for one minute, This cycle was repeated 
for a total of 25 cycles. At the end of the 25th cycle, the 
heat denaturation step a: 94° C. was omitted and re- 
placed by extending the 72'' C. incubation st«p by an 
additional throe n>m ites i-t-Jlov m^ erxr ma ^son o; h; 
assay, the samples %vere allowed to cool to room tem- 
perature and analyzed as described in pravions exam- 

The template may be optimally amplified with a dif- 
ferent concentration of dNTPs sac! a differen- amount 
of Taq polymerase. Also, the sue of the target sequence 
in the DNA sample will directly impact the minimum 
time required for proper extension (72* C. incubation 
step). An optimisation of the temperature cycling pro- 
file should be performed for each individual template to 
be amplified, to obtain maximum efficiency. 

EXAMPLE VI 
Several 1 fig sarnpies of hatnan genomic DNA were 
subjected to 20-- 35 cycles of amplification as described 
ia Example V, with equivalent anus of either Klersow 
.fragment: or Taq polymerase, aad analyzed by agarose 
gel eiectrophoresis aad Southern blot Tise primers used 
in these reactions, PC03 and PCX)4, direct the synthesis 
of a 1 10-bp segment of the human bai.a-glohin giras. The 
Kienow polymerase atnpiifjcatioas eshibitecs the smear 
of DNA. typically observed with this emryme. the ap- 
parent cause of which is the nonspecific ^asseaHag and 

under whatsvereessentiaOv aoa-stringeii! hvbridisatioa 
<.ond tion,( > K ctow sal , , *~ k \?^<*>^l -s ^ 
Southern blot a specific i 10-bp beia-globia target frag- 
ment was detected in all lanes, A substantially differed 
eiectrophoreac. pattern was seen in the anvphficatioas 
done with Taq polymerase where the single major bant: 
is the 1 10-bp iarget sequence. This remarkable specific- 
ity was 'undoubtedly due to the temperature a; which 
the primers were extended. 

Although, like Kleaow fragment amplifications, the 
annealing siep was performed ai 3 '" C'„ the temperature 
of Tacj-cataiyzed reactions had to be rained to about 70° 
C. before the enzyme exhibited significant activity. 
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Durmg this transition from 3? to 70* C, poorly matched 
primer-template hybrids (which formed at 37" C) disas- 
sociated so that by the. time She reaction reached aa 
enzyme-activating temperature, only highly comple- 
mentary substrate was available for extension. This : 
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cenJxattons representing varying copies per ceil, and 
amplification was carried out as described its this Exam- 
ple at annealing temperatures of 33" C. and 55* C, using 
the primers SK38 and SK39, which amplify a 115 bp 
region of the HIV sequence: 



■aOTCClTGTCrt'ATCiTCCAGAATGC-S'CS 



specificity 
'. tha 

it because 



results in a greater yield of target so- 
sitsr amplifications done with KJenow 
: ' products 



fragment because the nonspecific extension products 
effectively compete for the polymerase thereby reduc- 
ing the amount of UO-mer that can be made bv the 
XJenow fragraent. * .15 

EXAMPLE VII 
Amplification was carried out of a sample containing 
1 ,*g Most 4 DNA. 50 mM KCl 30 nM Tris dH 8.3, 10 
.tsM MgCfe. un% gelatin, I pM of each of the Mow- 29 
mg primers (to amplify a ISO bp tegioa): 



S-'-TCKiTAGCrc 



OTTTG< 



LS sM of each dNTP, sad S,0 units of Taq. polymerase 
per 100 ui reaction volume. Three additional samples 
were prepared containing 2.5, 1.3, or 0.6 units of Taq 
polymerase. The amplification was. curried out in the 
temperature cycling machine described above using the 3 
following cycle, for 30 cycles; 
from 70* to W C for 1 nannte" 
hold at 9&* C to? i aaatite 
firraa 9S* C. to 35, 45 or 55" C, for 1 minute 
hold at 35, 45 or 55" C for ? minute % 
from 35, 45 or S5 V C. to 70* C for 1 minute 
hold at 70* C. for 30 seconds 
At 35" C. annealing temperature, the 2,5 units/lOO ,«.! 
Taq enzyme dilution gave the best-agnai-to noise tatio 
by agarose gel electrophoresis over ah other Taq poly- 4 
merase concentrations. At 45"" C the 5 units/100 ,ul 
Taq enzyme gave the best sismai-tc-noise ratio over the 
other concentrations. A.t 55 "c, the 5 units/ 100 jd Taq 
enzyme gave the. best, signsl-to-noise ratio over the 
other concentrations and over the 4-5" C. annealing and 4 
unproved yield. The Taq polymerase has more specific- 
ity and better yield at 5:5° C, 

In a separate experiment the Molt 4 DNA was 10-foid 
serially dieted into the cell line GM2064 DNA, con- 
taining no ;S- or 6-gsohin sequences, available from the 5 
Human Genetic Mutant Cell Depository, Camden, 
New Jersey, at various concentrations representing 
varying copies per ceil, and amplification was carried 
out .oa these samples as described in this example at 
annealing temperatures, of 35* C. and 55° C. At 35 ' C, 5 
the best that can he seen by agarose gel electrophoresis 
is 1 copy in 50 cells.. At 5S ; C.j the best that cats be seen 
is 1/5,000 ceils (a 100-fold improvement over the lower 
temperature), ihsistratiug the importance of increased 
aiing temperature for Taq poiymerase specificity 6 



under these conditions. 

in a third e 
containing HI V-positi * 
Poissx, State Uasversh 
was similarly diluted b 



, DNA from- a cell line 368B 
0NA> available from B, 
s of New York, Syracuse, NY. 
the DNA from the SCI cell i 
line (deposited with ATCC on Mar. 19, 1985; an EBV- 
tTar»fotmed S ca\l istte homozygons for the sickle cell 
aileie and lacking any HIV sequences) at various cots- 



The results by agarose ges electrophoresis showed 
that only the undiluted 36SH sample cocki be detscteti 
with the annealing temperature at 35'' C, whereas at. 
least a 10-2 dilution can be detected with the annealing 
teaiperatttre at 55" C giving a i00-fo;d improvement in 
detection. 

irt snrnniary, the present invention is seen to provide 

acid sequences using a temperature -cycled chain reac- 
tion and a thermostable enrytne. is which reaction 
primer extension products are produced that eat; satiss- 
q neatly act as tempiates for further primer extension 
reactions. The process is especiaiiy useSui in detecting 
nucleic acid sequences that ara initially present in only 
very small amounts and in detscfi-sg nucleotide varia- 
tions using sequence-specific oligonucleotides. Also, the 
amplification process herein can be used for molecular 
cloning. 

The process herehf results in increased yields of am- 
plified product, greater specificity, and fewer steps 
necessary to carry out the amplification procedure, 
aver what has been previously disclosed, 

Other modifications of the above-described embodi- 
ments of the invention thai are obvious to those of skill 
hi the area of molecular biology and related disciplines 
are intended to be within the scope of the following 
claims. 

What is claimed is: 

1. A process tot amplifying at least one specific DNA 
sequence contained in a DNA or a mixture of nucleic 
acids, wherein if ths. DMA is double-stranded, it consists; 
of two separated complementary strands of equal or 
-unequal length, which process comprises: 

(a) contacting the DNA with four different nucleo- 
side triphosphates, and two oligonucleotide print- 
ers, for each different specific sequence being am- 
phtleti, wherein each primer is selected to be suffi- 
ciently complementary to different strands of each 
specific sequence to hybridize therewith, such that 
the extension product synthesized from one primer, 
when separated from its complement, eats serve as 
a template for ■synthesis of the extension product of 
Site other primer, as: a tem.oera turs: which promotes 
hybridization of each primer to its complementary 
strand; 

(b) contacting each strand, at the same time as or after 
step (a), with thermostable enzyme watch cata- 
lyzes combination of the nucleoside triphosphates 
to form primer extension products 'complementary 
to each strand of DNA; 

(c) maintaining the mixture from step <b) at an effec- 
tive temperature for an effective time to promote 
the activity of the enzyme, and to synthesize, for 
each different sequence being amplified, an exten- 
sion product of each primer which is .complemen- 
tary to each strand, .but not -so high as to separate 
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each extension product from I 
strand; 

(d) heating the mixture from step {<:■} for an effective 
time and at an effective temperature to separate she 
pntner extension products from the strands on S 
which they were synthesized to ptoduce smgle- 
straaded molecules, bat not so high as to denature 
irreversibly the enzyme; 

(e) cooling the mixture .from step (d) to an effective 
temperature to promote hybridization of each H> 
primer to each, of the. single-straaded molecules 
produced In step (d); and. 

(f) snaintmmng the mixture from step (el at an effec- 
tive temperature for an effective tim& to promote 
the activity of the extstyate and to synthesize, for # 
each different sequence being amplified, an exten- 
sion product of each primer which is complemen- 
tary to each strand produced in step (d), but not so 
high as to separate each extension product from its 
conrpk-tneru&ry strand, wherein steps (e) and (0 are iy 
conducted simultaneously or sequentially. 

2. The process of claim 1, wherein one specific DNA 
acid sequence is amplified and iw primers are em- 
ployed. 

3. The process of claim 1. wherein after steps (d)-(fj 
are repeated at least once, a second set of two printers is 
added, wherein the primers extend are sufficiently com- 
plementary to different strands at interna! sequences of 
the amplified sequence to hybrid i?.e therewith, such that. 
the extension product synthesized from one primer, 
when separated front its complement, can serve as a 
template for synthesis of the extension product of the 
other primer. 

^ 4, The process of claim. I, tvhereia steps <d\ (e> and ^ 

5. The process of cMsn 4, wherein aid thermostable 
enzyme is a polymerase from Therm us aquatkus, 

S. The process of claim ,5 whet eat in step (at the 
n r -> oso sates ved ■.•ti'iii.O is. costume is a huile' 
comprising atM of a magnesium salt, 150-200 n-M 
each of the triphosphates, and 1 jiM 5S° C, and step (d) 
is carried out at about 90- 100* C, 



7. The process of eiah 
oltgodeos.y ribonucleotides 



.1, wherein said prime. 



sm 1, \ 



I DNA i: 



eDNA. 
9. The pro 



iaim 1, wherein the nesting and 
steps (d)-{f) are ansomated by a machine which 
ils temperature levels, transitions from one tern- 59 
re to another, and the tutting of temperature Jev- 



lil The process of c 
present: in 
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IX. The process of claim i, wherein at least one 
contains at least one nucleotide which is not 
■crnplenjentary to the specific sequence to be cunpuued. 

12. The process of claim H : wherein said primer that. 
:ontnhts at least one nucleotide} which is not eompie- so 
■sentary to the specific sequence to be amplified en- 
jodes a promoter, 

.53. The process of claim 5, wherein steps (e) and tf) 
.re carried out sequentially, steps (c) and (f) take place 
X 40-40° C, step (d) takes place at 90-105° C„ and step as 
•i) takes place at 35-C5* C 

14, The process of claim .1 wherein steps {e} and (f) 
re carried out sequentially, steps (cj and (f) take place 



40 

at 50-75* C, step (d) takes -place at 90-100" C, and step 
(e) takes place at 37° C.-SO" C 

15. The process of claim .1 wherein steps (e) and (t) 
are carried out simultaneously tit: about 45~70 v C. 

Jd. The process of claim 3, wherein said specific 
DNA sequence is contained m a mixture of nucleic 
acids, 

17. The process- of claim 16, wherein said specific 
DNA sequence is contained In a lareer sequence, 

18. The process of claim I, wherein said specific 
DNA sequence is contained in a larger sequence. 

19. A process for detecting the presence of a specific 
DNA sequence In a sample, said process comprising, 

(a,t amplifying said sequence by the process of claim 

{b} determining if amplification has occurred. 

20. A process for amplifying at least one specific 
DNA sequenc contained in a DNA or a mixture of 
nucleic acids, wherein the DNA consist;; of two com- 
plementary strands of equal or unequal length, which 
process comprises: 

(a) heating the DNA ta the presence of four different 
nucleoside triphosphates and two oligonucleotide 
primers, for each different specific sequencing 
being amplified, for ass effective rime and at an 
effective temperature to denature each nucleic 
acid, wherein each printer is selected to be suffi- 
ciently complementary to different strands of each 
specific sequence to hybridize therewith, such that 
the extension product synthesized from one printer, 
when separated from its complement, can serve as 
a template for synthesis of the extension product of 
the other primer: 

(b) cooling the denatured DNA -to temperature 
which promotes hybridization of each primer to its 
complementary strand; 

(e) contacting the denatured DNA. at the same time- 
as or after step (a) or (b), with a thermostable ess* 
xyme which enables contbmaticn of the nucleoside 
triphosphates to form pritaer extension products 
complementary to each strand of .DNA.: 

(d) maintaining the mixture from step (c) at an effec- 
tive temperature for aa effective rime to promote 
the activity of the thermostable enzyme, and to 
synthesize, for each different sequence being ampli- 
fied, ;m extension product of each primer which si 
complementary to each strand, but not so high as to 
separate each extension product from Its eomple- 
nientsiry strand; 

(e) heating the mixture from step id) for an effective 
time and at art effective temperature to separate the 
primer extension products from Site strands on 
which they were synthesized to produce single- 
stranded molecules, but not so high as to denature 
irreversibly the enzyme; 

(1) cooling the mixture from step (si for an effective 
time and to an affective temperature to promote 
hybridization of the primer to its complementary 
single-stranded molecule produced In step (e); and 

(g) maintaining the mixture frtJn^ step (f) at an effec- 

the activity of the enzyme, and to synthesize, for 
each different sequence being amplified, an exten- 
sion product of each primer winch is complemen- 
tary to each strand produced in step (f) : hut not so 
high as to separate each, extension product form its 
complementary strand, wherein steps (ft and (g) 
are carried out simultaneously or sequentially. 
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t 21. wherein said specific 



21. The prot-i 
DNA sequences 



22. lite oro* 
DNA sequextee- 

33. The. process of claim 20, wherein said specific 
DNA sequence is contained in a larger sequence. 

24. A process for dejecting the presence of a specific 
DNA sequence in a sample, said process comprising: 

(a) amplifying said sequences by the process of claim W 
28, and 

(If* detetmining if amplification has occurred. 

25. A process tor detecting the presence or absence of 
at least one specific DNA sequence in a sample contain- 
ing a DNA or mixture of nucleic acids, or distinguishing l - 
between two different DNA sequences in said sample, 
wherein the sample is suspected of containing said se- 
quence or sequences, and wherein if she nucleic aeidfs) 
are double-stranded, they each consist of two separated 
complementary strands of equ«j or unequal length. i " 
which process comprises: 

(a) contacting Use sample with four different nucleo- 
side triphosphates and two oligonucleotide prim- 
ers, for each different specific ssiraence being de- 
teeted, wherein each primer is selected ;o be suffi- 
ciently complementary to different strands of each 
specific sequence to hybridize therewith, such that 
the extension product synthesized from one primer, 
when separated from its complement, east serve as ^ 
a template for synthesis of the extension product of " 
she other primer, at a temperature which promotes 
hybrid ization of each primer to its eompiern 



(b) c«utaetiug the sample, at the same time as or after 53 
step {a.}, with :■ thermostable enzyme which cata- 
lyzes combination of the nucleoside triphosphates 

to form primer extension oroduots complementary 
to each Strand of DNA; ' 

(c) maintaining the mixture from step (b) at m efTec- m 
rive temperature for an effective time to promote 
the activity of the enzyme, and to synthesize, for 
each different sequence being detected, an extan- 
sion product of each printer which is complemen- 
tary to each strand, bat sot so high as to separate 45 
each extension product front its complementary 

(d) heating the mixture fxom step (e-> for an effective 
time and at an effective temperature to separate the 
primer extension products from tha strands on 
whicti thev v.e-e syntsesized t^ pox'.nce - ngje 
stranded molecules, bat not so high as to denature 
fcreversibly the thermostable enzyme; 

(e) eeoiirsg the mixture from step (d) for an effective 
time and to an effective temperature to promote- .35 
hybridization of each primer to its complementary 
single -stranded molecule produced in step -(d); 

(f) maintaining the mixture from, step (e) at an effec- 
tive temperature for an effective time to promote 
the activity of the enzyme and to synthesize, for go 
each different sequence being detected, hot not so 
high as to separate each extension product from its 
complementary strand, resulting in amplication in 
quantity of the specific nucleic acid sequence or 
sequences if present, wherein steps (a) and (f) are 65 
carried out simultaneously or sequentially; 

iss) adding to the product of step (f) a labeled oligonu- 
cleotide probe for each sequence being detected 
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capable of hybridizing to 



a theret 



; and 



i'h) determining whether said hybridization has oc- 
curred, 

26'. A process for detecting the presence or absence of 
at ieast one specific DNA sequence in a sample contain- 
ing DNA or mixture of nucleic acids, or distinguishing 
between two different DNA sequences in said sample, 
where the sample is suspected of containing said se- 
quence or sequences and the DNA is double-stranded, 
which process comprises: 
(a) heating the sample. in the presence of four differ- 
ent nucleoside triphosphates and two oUgonucleo- 
tida primers, for each different specific sequence 
being detected, for an effective time and at an ef- 
fective temperature to denature the DNA in the 
sample, wherein each primer is selected to be suffi - 
ciently complementary to dtiTerusi strands of each 
specific sequence to hybridize therewith, such that 
the extension product synthesized from one primer, 
when separated from its complement can serve as 
a template for synthesis of the extension product of 
the other primer, 
<b) cooling the denatured DNA to a temperature 
promotes hybridization of each .primer to its com- 

(c) contacting the natnred DNA, at the same time m 
or after step (a) or (b), with a thermostable enzyme 
which catalyzes combination of the nucleoside 
triphosphates to form primer extension products 
complementary to each strand of DNA; 

(d) maintaining the mixture from step (c) at an effec- 
tive temperature for an effective time to promote 
the activity of the enzyme mid to synthesize, for 
each different sequence betng detected: an exten- 
sion product of each primer which is complemen- 
tary to each strand, but not .so high as to separate 



each extensio 

(e) heating the « 
time and ar an 



trom r 



P id) i 



etiva temperature to separate the 
products from the strands on 
synthesized to produce single- 
high as to denature 



primer ext 
which they i 
stranded molecules 
irreversibly <J 

(f) cooling the mixture from step (e) for an effective 
time and to art effective temperature to promote 
hybridization of each primer to its complementary 
single-stranded molecule produced from step <e): 

tg) maintaining the mixture from step (f) at an effec- 
tive temperature for an effective time to promote 
the activity of the enzyme and to synthesize, for 
each differ eat sequence being detected, an exten- 
sion product of each primer which is complemen- 
tary to each strand, but not so high as to separate 
each extension product from its eornpieinentasy 
strand, resulting in amplification in quantity of the 
specific nucleic acid sequence or sequences if pres- 
ent, wherein steps (f) and (g) are carried out simul- 
taneously or sequentially; 

(a) adding to the product of step .(g) a labeled oligo- 
nucleotide probe for each sequence being detected 
capable of hybridizing to said sequence or to a 
mutn&ticm i&ereof; and 

(i) determining whether said hybridizing has oc- 
curred, detercrhnmg whether said hybridization has 
occurred. 
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27. The process of claim 26. wherein one specific 
DMA sequence is being detected arid two primers are 
^"ti>i>\ d jio Ve-r^ s p s.iV i(e 'TN ^ extr cVa 
from the sample-. 

28. The process of dans 26, wherein steps (d), (e) and 
(0 are repeated at least 20 times. 

29. The process of claim 26, wherein said thermosta- 
ble enzyme is a polymerase from Thermas aquations. 

30. The process of claim 2S, wherein said printers are 
oiigodeo.xyriboHuciiiOSides. i 

31. The srocess of claim 26. wherein said DNA is 
cDNA< 

32. The process of claim '.IS, wherein the besting and 
cooling steps (e'Kg! are automated by a machine which 
controls temperature levels, transitions from one tern- ! 
rseratare to another, and the timing of temperature lev- 
els. 

33. The process of ©iaha 
DMA sequence to be detee 
infectious or caacemus- disease. 20 

34. The process of claim 33, wherein the genetic 
disease is sickle ceii anemia or hemoglobin C disease. 

35. The process of claim 34. wherein after step (g) and 
before step (h> the sample is cat with a restriction en- 
zyme and eieetroohoresed, and step (i) is accomplished ?.5 
by Southern blot analysis. 

36. A process for cloning into a cloning vector one or 
more specific DNA sequences contained in a DNa or a 
mixture of nucleic acids, which DNA when double- 
stranded consists of two separated complementary 30 
strands, and which DNA is amplified in quantity before 
cloning, which process comprises: 

fa) contacting each DNA with lb sax different nucleo ■ 
side triphosphates and two oligonucleotide prim- 
ers, for each different specific sequence being am- 35 

cieutly complementary so different strands of each 
specific sequence to hybridise therewith, such that 
the extension product synthesized from one primer, 

a sampiate for synthesis of the extension product of 
the other primer, and wherein each sequence being 
amplified or each primer contains a restriction site, 
at a temperature winch promotes hybridization of 
each primer to its complementary strand; 45 
(b) contacting each strand, ai she same time as or alter 
step (a) or (b), with a thermostable enzyme which 
catalyzes combination of the nucleoside triphos- 

'nentary to each strand of DNA;' P 50 

to) mamtamiug she mixture from step (b) at an effec- 
tive temperature for an effective thne to promote 
■he activity of the enzyme and to synthesize, for 
each different sequence being amplified, an exten- 
sion product- of each primer which is complemen- 55 
tary to each strand, but nor so high as to separate 
each extension product from its complementary 
strand; 

(d) besting the mmure from step <c) for an effective 
time ami at an effective temperature to separate the 60 
primer extension products from the strands on 
which they were synthesized, to produce single- 
stranded molecules, but not so high as to dessature 
irreversibly the enzyme; 

(e) eooliag the mixture from step (d) for an effective 65 
tune and to an effective temperature to promote 
hybridization of each primer to its complementary 
single-stranded molecule produced ia step {d>. 
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s mixture from step (e) at as effec- 
tive temperature for an effective time to promote 
the activity of the enzyme and to synthesize, for 
each different sequence being amplified: an exten- 
sion product of each primer which is complemen- 
tary to each strand produced in step i'-is, bat not so 
high as so separate each extension product from its 
complementary strand, steps (d), (e) and (ft being 
repeated a sufficient number of times to result In 
detectable amplification of the DNA containing 
the xeqeeuce(s), wherein steps (ej and (fs are car- 
ried simultaneously or sequentially; 

(g) adding to the product of step (f; a restriction, 
enzyme for each of said restriction sites to obtain 
cleaved products in s restriction digest; and 

(h) ligating the cleaved produet(s) of step (g) coritain- 
ing the specific seqneoee(s} to be cloned into one or 
more cloning vectors. 

37. A process for cloning into s vector at least one 
specific DNA sequence contained in a DNA or a tnix- 
ture of nucleic acids, wherein the DNA consists of two 
complementary strands of ocua's or nneqs.'f, .'engtts. ants 
wherein the DNA is amplified in quantity before clon- 
ing, which process comprises; 
(a) heating the DNA in the presence of four different 
nucleoside triphosphates, and two oligonucleotide 
primers, for each different specific sequence being 
amplified, for an effective time ana - at ass effective 
temperature to denature the DNA, wherein each 
primer is selected to be sufficiently complementary 
to different strands of each specific seqsjenee to 
hybridize therewith, such that -he exmnsion pnid- 
act synthesized from one primer, when separated 
from its complement, can serve as a template for 
synthesis of the extension product of the other 
primer, and wherein each sequence being amplified 
or each- primer contains a restriction site; 
cooling tise denatured D.N r A to a temperature effec- 
tive to promote hybridization between each primer 
and its complementary strand; 
(c) contacting the denatured DNA. at the same time 
as or after step (a) or (b), with a dsermostabie en- 
zyme which catalyzes combination of the nucleo- 
side triphosphates to form printer extension prod- 
^ nets corrtplemeatary^ to each strand of DNA; 

the activity of the enzyme and to synthesize, for 
each different sequence being amplified, an exten- 
sion product of each primer which is complemen- 
tary to each strand, bttt not so high as to separate 
each extension product from its complementary 

te) heating the mixture from step (d) for an effective 
time and ;n an effective temperature to separate the 
primer extension products from the strands on 
which they were synthesized, to produce single- 
stranded molecules, but not so high as to denature 
irreversibly the enzyme; 

(0 cooling the mixture from step (e) for an effective 
time and to an effective temperature to promote 
hybridization of each primer to its complementary 
single-stranded molecule produced in step (e.j; 

(g) maintaining the mixture from step (f) at an effec- 
tive temperature for an effective rime to promote 
the activity of the enxyme and to symhesize, for 
each different sequence being amplified, an exten- 
sion product of each primer which is complemen- 
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tary to each strand produced in step (c), biJt no!, so 
high as to separate each extension product From ifs 
complementary strand, steps (e), {f), and (g) being 
repealed a sufficient number of times to result iri 
detectable amplification of the DNA containing : 
the sequencers), wherein steps (£) and (g) arc ear- 
ned out simultaneously or sequentially; 

(h) adding to the product of step (g) a restriction; 
enzyme Sir each of said restriction sites to obtain 
cleaved products its a restriction, digest; and ■ 

(I) llgattng ihe cleaved prcditei(s) of step (h) contain- 
ing the speckle sequencers) to fee cloned into one or 
more clc-aing vectors containing a selectable 
murker. 

38. The process of data 37, wherein steps (e)-{g) are S 

38. The process of claim 3?, Airther comprising the 
step of passing the restriction digest of step (h> through 
a desalting column or merubtaue before step (i). 

40. lite process of claim 37, further comprising, after 2 
step (i), sequencing the cleaved product itgated into the 



41. The process of claim 31, wherein said specific 
DNA sequence encodes a proteiti and wherein said 
method farther comprises, after step (i}> expressing the 25 
proteia encoded by the specific nucleic acid sequence, 

42. The process of claim 37, wherein tine specific 
sequence Is being amplified, the reslriesion sties are 
different on each primer, and the product of step (h) is 
iigated into one cloning vector with a specific orienta- 30 

43. The process of ciairn 42, wherein the specific 
DNA sequence amplified is or is eositained within the 
jS-giobit; gene or the N-RAS oncogene. 

44. 'Die process of claim 37. wherein the thermostable 35 
emtyme is a polymerase frotii Thermits aquaticus. 

45. The process of claim 37. wherein the heating and 
cooling steps (e.!-(g; ate automated by a machine which 
controls temperature levels, transitions from tine tem- 
perature to another, arid the riming of the temperature ^ 

4*1, lite process of claim wherein each primer 
coaisaas & restriction site which is the same as or differ- 
ent front the res trie tic- n siteoy on the other primer(s). 

47. The process of dam 46, wherein the restriction 45 
sites are on the 5' end of the primers, 

48. A process for cloning into a cloning vector o«e or 
more specific DNA sequences contained in a DNA or 
mixture of nucleic acids, which DNA when double- 
stranded consists of two separated complementary SO 
strands of equal to unequal lesigih and which DNA is 
amplified sa quantity before cloning which process 

(a) contacting each DNA with four different nccieo- 
side triphosphates and two oligonucleotide prim- 55 
ers, for each different specific sequence feeing am- 
plified, wherein each primer is selected to suffi- 
ciently complementary to different stratids of e3ch 
specific sequence to hybridize therewith, such that 
the extension prodnc- synthesized from one primer, &) 
when separatd from iu complement, can scrcv as a 
template for synthesis of teh extension product, of 
teh other printer, at a temperature which promotes 
hybridization of each printer to its complementary 
strand; 63 

(b; contacting each strand, ar. the same time as or after 
step (a) ortb), with, a thermostable enzyme which 
catalyzes combination of the nucleoside! rriphos- 
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phates to form primer extension products comple- 
mentary to each .strand of DNA; 
<c) mamiainisg the naxrujre from step (b i at an effec- 
tive temperature for an effective time Co promote 
the activity of the em-cyme and to synthesize, tor 
each different sequence being amplified, an exten- 
sion product of each primer which is complemen- 
tary to each strand, but not so high as to separate 
each extension product ftotn its complementary 
strand,; 

fd) heating the mixture from. step (c) for an effective 
time and at an effective temperature to separate the 
primer extension prcducrs from the strands on 
which they were synthesized to produce single- 
stranded molecules, but sot so high as to denature 
irreversibly die enzyme 

(e> cooling the mixture from -step id) for an effective 
time arid to sn effective temperature to promote 
hybridization of each printer to its complementary 
singie-stKiiKied moisade produced in step id.i; 

(f) maastaitsiiig the^ tmxpjre from step (e) at -as effec- 

the activity of the enzyme asid to synthesKe, for 
each different sequence being am.pilfied, an exten- 
sion product of each primer which is complemen- 
tary to each strand produced its step .(fit), but not so 
high as to separate each extension product from Its 
cofRpieroentary strands steps (d), (©} and -(f) being 
repeated a sufficient number of times to result at 
effective amplification of the DMA containing ihe 
sequeticefs) for bluat-end ligation into one or more 
eiotrkig vectors, wherein steps (e) and if) are con- 
ducted suauitaaeoasiy or sequentiaiiy; and 

(g) Hgatiag the ampiified specific scquenceis) to be 
dotied obtained from step (f) into one or more of 
said cloning vectors in the presence of a iigass, said 
amplified seauene«(s} and veetor(s) being present 
in. sufficient amounts to effect the ligation. 

49. A process for cioning into a ciotsing vector at least 
one specific DNA sequence contained In a DNA or 
mixture of nucleic acids, which DNA consists of two 
complementary strands of equt-i to unequal length and 
which DNA is amplified in quantity before cloning, 
which process comprises: 
(a) heating the DNA m the presence of fonr differen- 
nucleoside tiiphophates and two oligonucleotide 
primers, for each different specific sequencing 
being ampiiiied, for an dfeetive time and at an 
effective temperature to denatute the DNA, 
wherein e?i> fjatr <s vile> e^ re -^tlctentA 
eomplementsry to different strands of ettch specific 
sequence to hybridize therewith, such that the 
extension product syathesixed from one primer, 
when separated from its complement, can serve as 
•a template for synthesis of the extension -product of 
the other printer; 
fb) cooling the .denatured DNA to a temperature 
effective to promote hybridisation betweess each 
primer and its complementary strand; 

(c) -contacting the denatured DNA, at the same time 
as or after step fa) or fb). with a thermostable en- 
zyme which catalyzes combioatiors of the nticlco- 
side triphosphates to form primer extension prod- 
ucts eompiemeniary to each strand of DNA; 

(d) maintaining the mixture from step (c? at at; effec- 
tive temperature for an effective time to promote 
the activity of ihe enzyme and to synthesize, for 
each different sequence being amplified, as exten- 
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:f each primer which is 
rand, btii ixoi :-.o high a 
i product from its cos 
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hybridisation of each prireer to its oompiemetiiary 
single-stranded saatetk produced in step {e}; 
(g) Ktsiisiasshig the mixture from step (f) at aa effec- 
tive tempersrere for aa effective time to promote 
the activity of the enzyme and to synthesize, for 
each different sequence bemg atriohiied, ;m exten- 
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:orrspfemea- man product of each primer which is a 

to separate tary to each strasd produced is step {s\ 

tpteentary high as to separate each extension produ 

complementary strand, steps (es, (0 anc 
repeated a sufficient number of tiroes t 
effective amplification of the DMA 
each sequence for bhnuertd iigatiors hi 
more dossrtsg vectors, wherein steps t'f) » 
5 denature conducted ssrcmltaneonsiy or surcjuemsat! 

18 ih.) fagatmg the amplified specific seasons 
:i effective closed, obtained from step {g} isto one < 

:> promote said cloning vectors in the prescacc of a i 

.'jmpiified ssq«ence(s) and veetarfs) ben 
in sufficient to effect the ligation* 
50. The process of claim 48, wherein oae 
queisce is do»ed -into otse vector and two p 
employed. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT HQ, : 4,965,188 Page 1 of 5 

DATED October 23, 1990 

{.WSNTORISI : Kary B. Mollis, Henry A, Erlich, David B, 'Cellarx*, Glenn Horn, 
and" Bandall K. Saiki .,. , ... n . , 

Si Is certified thai at for appears. In the above-identified patent and thai said letters Faiesn ■■% ngfetiy 
detracted ss shown bsiow: 

Column 4, liae 28, change "primer../* to -primer;-. 
Column 4, line 42, change "sequeneetsl" to --sequence's),--. 
Column 6, Line 25, change "MgClj2," to --MgCh,---. 
Column 6. line 27, change "pH 88.4," to ~pH 8-8.4.-. 
Column 7, line 9, change "Sglobin*' ro -3-gIobm-~. 
Column 10, line 42, after "any" delete V, 
Column 10, line 47, change "10* V to -106;!-, 
Column 11, line 6, after "preferably" delete "room". 

At column 11, line 14, and throughout the specification, change "oligoaueleositie" & - 
oligonucleotide-. 

Column .1.1, Hue S2 S aftet "complementary" delete "A 

Column 12, line 8, change W C. W C.)," to ..g0t,.#C}.». 

Column 12, line 68, after "amplify" delete " t '\ 

Column 13, line 7, after "amplify" delete V. 

Column 13: line 35, change "CHC n ." to --CHCh,-, 

Column 14, line 48, change "[S 31 .].'' to --[S'].-. 

Column 17, tine 39, change "products" to -product-. 

Column 17, line 63, change "rheierozygous" to -heterozygous 

Column 19, line 55, change "way,," to -way,— 

Column 20, line 28, change "u-Thaiasserma" to -a-Thalassemia--. 

Column 20, line 29, change "Btha~" to -j3-t.ha---. 

At column 21, line 38, and throughout the specification, change "nucleoside variation" to 
nucleotide variation-. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO, : 4,565,188 Page 2 of 5 

DATED : October 23, 1990 

iNVENTQRIS} : Kary B. MuXXis, Ifenry A, Erlich,. David -H. Gelfana, OUafe 

it is csrrifie<j thsr grrWip^aa^^tft^feiicienfifiS^^^Pt m4 that said Letters Patent h fisreby 
corrected as shown below; 

At column 22, line 17, and throughout the specificati ;r v, wj? n^t , o .vt* v o ,^ v. u 
nucleotide sequence--. 

At column 22, line 24, and throughout the specification, »: ^'ie Lss I » o < < u 
Column 22, line 39, change lILA-DR-jkhree" to -HLA-DR-S. three-. 
Column 22, line 54, change "C;-6),' : to --C1-6),--. 

Column 23, Hue U , change "nucleoside composition" *o nutLo* v\ ^ oh jvmi „ 

Column 23, line 13, change "15-25 nucleosides" to -l.*-^ \ t \ sUkU\ 

Column 23, line 14, change ''nucleosides" to --nucleotides--. 

Column 24, line 31, change 'W to --a-. 

Column 24, line 31, change "9enes" to -genes-. 

Column 24, line 38, change "meUiters," to -melHtuv-. 

Column 25, line 4, change "3,879" to -63,879-. 

Column 25 : line 15, change "copending" to -now abandoned--. 

Column 28, line 7, directly following "activity" delete V, 

Column 29, sine IS, change "FCcw, s.s mM" to -FC04, 1,5 mM-. 

Column 29, line 39, change "R$? A ," to -RS24-. 

Column 29, line 66, change "a mi" to -a. 1 ml-~. 

Column 30. line 2, change "vCi/pmole" to -|iCi/prnoie-. 

Column 30, line 24, change, "albumin,,''' to -albumin,-. 

Column 30, line 27, change "RS 24 !! to -RS24-. 

Column 30, Line 48, change "pBR.pA" to --pBR:f3 A —. 

Column 30, line 48, change "jlA"' to -(}A~~. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

I PATENT NO. : 4,965,188 Page 3 of 5 

! DATED : October 23, 1990 

| ' ! ^SNT08$> : Kajry B>. Mollis, Henry A. Erlich, David H. Gelfand f 
i > , . .. r . . Glenn Horn, .and Randall K S*xk* 

: it i% cfi; iffiso Tiiat srror appeal s m the above identifies tiatsmlhri" that said Lstters Patent * 'jgrsby 

i eorrscwd as shown haiow; 

| Column 30, line 59, changer :> MgCI^ ! f to ~MgCb* 
Column 30, line 6G, change "PCCK 1 nM" to -PC03, 1 uM~~. 
Column 30, line 60, change "PCQ^aoo" to -PC04, 200--. 
Column 31, line 6, change "minutes.," to -minutes;--. 
Column 31, line 8, change "anneal/' to --anneal;-. 
Column 31, line 34, change "RSig,"' to -RS1S,-. 
! Column 31, line 40, change "u-giobin" ro ■•■-8-giobin- 
Column 31, line 41, change "(uA)." to ™(3 A ).-. 
Column 31, line 63, change "R$ n " to -RSI 8-, 

Column 32, Line 8, after "20 mM" and before "and", insert --EDTA), as disclosed bv Reed- 
Column 32, line 51, delete "X and if the lower". 
Column 32, line 52, after "each," insert -and if the lower-. 
Column 32, line 61, change "u-globin" to --3-globin-. 
| Column 33, line 19, change "4 ni" to -4 ui-. 
I Column 33, line 35, change " 20 units" to -20 units-. 
| Column 33. line 4 ! -42, change >-giobin ,! to -p-globir:-. 
| Column 33, line 54, change "XDNA' ! to —A DNA-. 
I Column 33, line 55, change "yii&t" to -Ul at-. 
Column 33, line 39, cnange "Molt digested XDNA" to -Molt 4 DNA-. 
Column 34, line 1, change ".u-globin" to -p-globin--, 
Column 34, line 39, change "olig©fdT)12ir to -oligo(dT) l2 . ir -. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,965,188 Page 4 of 5 

GATED <; October 23, 1990 

INVENT.ORCSI : Kary B. Mollis, Henry A. Brlich, David H. Geifand, 

It ts certsh'sd tha'nTrrk I|paf! irffrie afevt^^eftlife plfettf'3ntf that, said Letters Parent Is hmbi 
corrected as shown bekiw: 

Column 34, line 5i : and throughout the specification, change "R$45' ! k> ~-R$45~. 
Column 34, line 51, change "PCCV to --PC03,-. 

Column 34 s line 56, change " S' : - " to - 5- - and " -3" " to 3'--. 

Column 35, line 18, change "Sgiohin" to — |3-giobin-. 

Column 35, line 22, change "^-globin" to--p~giobin--. 

Column 35, line 49, change "lOGyl" to -100 ul-. 

Column 36, line 10, change "aeidinosoiuble" to -acid insoluble-. 

Column 36, line 19, change "X DNA" to -X DNA— . 

Column 37, line 67, change "8 ceil" to~$ cell--. 

Column 38, line 16, change "10-2" to -10-2--. 

Claim 5, line 1, change "aid" to -said-. 
Claim 6, line 1 , change "claim 3" to -claim 3-. 

Claim 6, line 4, after "n.M" and before '58°C, : \ insert -of each primer. s:teps (a), and 

are -carried otu at about 45* , 

Claim 2{.;, line 2, change "sequenc" to -sequence-. 

Claim 20, step (b), line 1, after "to" and before "temperature" insert -a-. 

Claim 20, step ig), line 7, change "form" to -from-. 

Claim 22, line 2, after "a", insert - -larger sequence.-. 

Claim 25, step (f), line 4, after "detected," and before "but", insert -an extension product 
each primer which is complementary to each strand, 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

?A?£NT NO. : 4,065,188 P«ge 5 ot 5 

DATED : October 23, 1990 

INVENTORY) : Karv B. Mullis, Henry A. Brlich, David i-L Geifand, Glenn Horn, 
and HandalX K,. Saifci „ , , . 

it is csrtiiiiid that error appears m tne above-soentit :sd patsnt arts mat s&d tetters Fatsnt -s heresy 
corrected ss shown betew: 

Claim 26, line 3, after "irsg" and before "DNA", insert --a--. 

Claim 26, line 5, change "where" to -wherein—. 

Claim 26, step (c), line 1 , change "natured" \o -denatured--. 

Claim 26, step (i), lines 1 and 2, delete "determining whether said hybridizes Kjl> «c*it«vV 
Claim 36, step ft"), last line, after "tied" and before "simultaneously", insert »vi 
Claim 37, step (a), line 14, before the umndemed word ''cooling", insert --{b>~ 
Claim 46, line i, change "claim 36," to ••••claim. 37 
Claim 48, line 5, change "to" to -or--. 
Claim 48, line 6, insert after "cloning". 

Claim 48, step (a), line 8, change " separate! " to -separated--, and change ''serev" to -Nerve-. 
Claim 48. step (a.K line 9, change "teh" to --the--. 
Claim 48, step (a), line .10, change "teh" to —the—. 
Claim 49, line 4, change "to" to --or--. 

Claim 49,. step (h), line 5, after "sufficient" and before "to", insert -amounts--. 

Signed and Sealed this 
Ninth Day of . Jmxe, Wm 
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lt is certified that «s?cr appears snlhe above-Identified patent and that said Lettes Patent is 
hereby corrected as shewn below: 
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